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PREFACE. 


Oj’R School Qeotneiry, wfiicli Imu^iad u fiivoinabJj* ri‘C(*ption for more 
jthan, twenty yeufe, wa« fii'Ht itwued at a tune when th(‘ teaelnng of 
^oinetry waa in a transition state, passiin; froin tift- strict formality 
of Euclid to methods ol^preater fiH'dom and elasticity. Jn such 
circumstances the textdxioks of the day i-ouhl only adopt a (cautious 
and tentative treatment of their subject. Oiii own attitude was 
sufficiently indicated hi the following [xiragraph quot<Kl fiom our 
Pftface, bearing dati‘ Nov^ 1903: 

“An attempt*has been ip^de to curtail the excessive body of 
text whipjj^the demands •f Examinations have hitherto fo^ed as 
‘ bookwork ’ on a boginn(‘r’s memory. Even of the Theorems here 
given a certain nunilifir (which*^we have distinguished with an 
asterisk) might bo omitted^oji postponed aA the disertdion of the 
teacher. And the formal projxisitions for w^ich—as such—tcacher 
and pupil are held responsible, n#ght j-KThaiis be still further limiU*d 
to tho^which make the laflUijiarks of Elementary (Jeometry. Time 
80 gained should be used in getting the pupil to ajtply his knowk^lge; 
•and the working of examples Should be made as important a part 
-■pf a lesson in*Geometry as itso cons^ered in Arithmetic an^ 
Algebra.*’# * * 


* • In Ibe course of years developments have arisen to clear the 
air in all branches of Elen^entary Mathematics. In Geometry there 
has been for aome time a giowing feeling in favour of simplifyifig 
the subject, by adopting a still shorter ordinary school course, and 
devising a sequence* likely to be accep^ble both |o teachers and 
examiners. With th^ endsrin view, in Jan. 1923 the Incorpora^ 
.^sociatibn of Assistant Masters in SocondaiySchooIs'teade a forcible 
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»ppe*l to te«here'tlvoughout the kingdom, putting forward a 
Svllabus of Elementary Geometry on the lines atove «> 

was a genuine effort t8 fcduce the confusion of thH«t ‘wenty y«?" 
to sonfB sort of ord»r and agrecfent. and embodied yaluab^ 
reoommendaaions as to the best use of time and material m tW 

class-room. • *, 1 ' 

Some radical revision of our School Geoinctry had Icmg been over¬ 
due ; but it is not easy to make changes Batisfactdti^y m a text-book 
which is being wiilely used. It is inconvenient toth to teachers and 
pu pile iAwo or more editions arj in use in the saTne class. Moreover, 
a mere revision- however thoroiigh-would not have met the needs 
of the case, and would have entailed insuiierablc difficulties in^ 
Btereotyiied liook* containing hundreds of diagrams. 

Guided by such considerations, and with a distinct lead offered 
us by the Syllabus above mentioned, we have now undertaken the 
present work under the title .1 Shorter School Gemnar^i. To a large 
extent it will bp found to differ in plan and detail from our forinjr 
work, though wo have been able to draw much useful material from 
that source. Thoitgh not wholly in agwemenj with the new Syllabus, 
we have followed matiy of its suggestions? and have therahjwiffected 
»subatnntial iinprovem'rnt in matters of order and arrangement, 
without sacrificing the distinguishing fcatuMS which contributed so 
largelj’ to the siiceess of otir earlier w*rjf. ^ 

The following s|K-eiaV jiointa may bo nientionea : 

(i) The Introducthm (pages 1-42), w^ich furnishes a yi and 
. systematic course ot Ex(K'ritnental and f ractical Geometry, to precede 

any theoretical work. , « 

(ii) The very full treatment oi^Congrutwx oj 'fyiaingUs, both.^ 
practically and thoorcti(*lly, .as gi^ensin the Introductiyn and in' 
Section I. To emphasize this most iipjgjrtant part of a beginners^ 
oouree J|ho examples given for practice are numerous and easy? See 
p^es 30-38, 60-63, 68-73. 

(Ui) All through the book the examples have undergone careful 
revision and have been largely increased in number, many being 
sunplied with dJagrams anfl hints fir mlution. For the most ^rt 
these have distributed througnout tlfc text in iqimediatB . 

connection with the propositions ijp which they depend. Othfc 
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exercises miscellaneous in character, ,m{inly ^derived from 

recent e^Q^^tlcn papers, will be found at the end OT the different 
Se^ions. ^ * 

• (iv) In the presentment of text marginM references to earlier 
p’ropbsitione have been reduced to a minimum. Reasons for the 

•difterent steui are usually pven verbally; theorems are only occa¬ 
sionally quoteS by number, and then with some special object. 

(v) JThe diagrams, typographical details, and pagination have 
received very carfM attention: allied propositions ha.l- been 
brought into close juxtapoaitiod? wHile a theorem and its converse 
^11 usually be fdhnd facing each other so that both are under view 
^tho same time. By suitable headings to sectioniFand sub-sections 
we have made it easy fo\s teacher to find his way about the book. 
Finally, the pagination has been so adjusted that a reader will never 
find the argument broken by having to turn over a page. 

'file work in its finiSicd,fonn will piobably be fojind sulliciontly 
coRiprehensive for an orcjjnary school course, but it is not ottered 
as a complete substitute for.the Sdmul Geiimari/ which, liesides a 
fuller t^si^contains muclnadditional matter adapted to the_ needs 
of those whose studies go beyonil the usual school limits, for such j 
readers a suitable sequel to the*yrcsent woi k will be found in the 
School Oamtiry, PartiwV. and VI.. w'‘‘ch can be obtained separately, 
or together in a single volume. 

We Jiave been unable to make use of the Report recently issued 
by the Mathematical Associajion, as it did not come into our hands . 
till our own work was too far advanced. The whole of Part I. (the 

* present volume) and much of*1*art II. was complete in manuscript, 
■and some of it in the press, se teral piontfis ago ; but the progred. 
of our work has been mu-vh^delayed through the exigencies of old 

’lige *id ill-health,. It hoped that the publication o> Part II. 
(already far ^advanced) wilj not be subjected to similar interruptions. 

We are indebted to several Examining Bodies for permission to 
use examples from their papers. In particular, our thanks arc due 
to the courtesy of tile Controller of Hie Majesty’s Stationery Ofifipe, 
the Cambridge Syndicate for Local Examinations ani^ Higher Sch^ 
Certificate Examinations, the Oxford and Cambridge Schools Examl- 
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nation Boarc* the CJivverwity of London, the Univemity of Bristol, 
th« Joint MftricMilation Board of the Northern Univ’evsvtjeH (Man¬ 
chester, Liverp«»ol, Ijmis, SheHield. and Birnfflighain), and the 
Central Welsh Board. 

We Wish ttlso to express our thanks to Mr. H. C. B(‘aven of Clifton 
College, not only for valuable assistance in reading the proof-sheets,, 
but also for many useful suggestions in all parts of tlfb book. 

H. y. HALL. 

T. H. STEVENS. 

A/Jril, li>24. 
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.INTRODUri’TON, 

# 

•Definition^ and First Fringifeks Illustrated 
Kxi'Kkimkntai.ly. 


•I. Axioms. 


All mathomatioul roasomnj' is foumlt'd on nTtain simple 
pririeiples. tin* truth of wliicli is so evident that they are 
ace^ited without proof. Jheso solf-evhhuit trutlis are called 

Axioms. • 


For instance . 

I'hhufs ^i%ich are equal to the same thuui ate equal to one 
another. ^ 

Axioms are said to hg^qenfiral wlfcn, likt- tlial «pioted ahove, they 
apply eipially to niaitnllndeH of^ilf^ind's. ’I'lH sj^di) teit, need parti^ilar 
enumeration, rortain s|)c<)al axioms, relotinj' only to (jfomHrical 
magnitudes, wiU he stated from tin«* to lime an they are reciuircd. 

II. Points, Links, Stmifages. 


Every beginner knows in a jn'iienil way what is meant by a 
^oint, a line^ and a surfac^. rflut in {zefinudry tfiese terms are 
used in a strict sense whieii needs sdnn* explanation. 

•r » • 9 * 

1. A poil\t has positioi, bul is said to have no magnitude. 


This means that we are to attach to a point no idea of size either as 
to hngtk or breadth, but to think only where it is situated. A dot made 
with a sharp pencil may be taken as roughly representing a point; but 
small as such a dot may be, it stilt has wm#length andTjroadth, and ja 
it^refore not actually a||^ometntai point. The smaller thp dot, however, 
Ih^more rfearly it represents a point. 


, n.Sh.O 
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2. A lijie ha^ length, but is said to have no breadth. 

A line is traced out a moving point. If the point ^>i ai^ncil ia 
moved over a aheot ♦)ftf>a}>er, the trace left rcprcallita a line. Bu£ ^uch 
a trafe, however finely drawn, has nofio degree of breadth, and ia there^ 
for© not itaelf a tn»(? geometrical hr#. The finer the trace left by the 
moving perfoil-point, the more nearly will it represent a line. * ^ 


3. Proceeding in a sintilar tnann<T fron» Jhe idea of a line 
to the idea of a surface, we say that 

A stirface has lengtlj an(W)readth,*lnit no thickness. 

And finally, • * ^ 

A solid has length, breadth, and thickness. » 

Solids, surfaces, lines and iioints arc thus^olaled to one anolher: 

(i) A solid ia lamnded by surfaces. 

(ii) A surface is bounded by lines ; and siyfacea miet in lines. 

(iti) A lino^is boimded (or torniinated^ by points ; and lines m«t in 
points. ^ 

• • • 

4. A line may he straight or curved. 

A straight line has the saitm direction from point to point 
throughout its whoKWength. v, • ^ 

A curved line cl\anges itvS direction continually from point 
to point. * 

Several kinds of line (marked AB) are shown beloV, each having a 
straight line ruled across it for comparison. 



Ex. 1. Mafk a point on your paper, and call fv, A. How ma^ny strai^t 
lines, having different directions, can be drawn through the point Ap* 
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Ex. 2. Biftrk two points A and B. How many aifaighi lines can be 
drawn through 4 and B ? How many curved linos can bq^rawn from 
A to B !• •• • 

Ob^rve that the«{i^ition and direction of a 9lintight line are fixed if 
^6 know two points through uhich<it passes. • ^ 

Can a straight lino cut another straight fine at nufo than one 
point T Can a straight line cut a curved line at more than one point T 

* Ex.. 4. . ^f tU^the lines that can be drawn from a point A l<* a point B, 
which IS the shortest ? 

• • 

Ex. 5/ What ifl\he least number of straight lines that can enclose a 
space ? Can two curve^d lines enclose a sjiace ? Can one curv^ line 
enclose a space ? * 

6t The abow! Exercises, wtiieh .should in each case be 
lll^lstratcd by a drawinu, lead to the followiiif' Axioms 
Axioms, (i) Two Mnighl lines am cut at only one point. 

(ii) Only one slraiijhl line am he ilrawn Uirow/h 
two ijinen points. 

(iiif The ftnuyht line joininy two points is the 
• shorteskdistance, between them. • 

Note. When wg rule a straight line from a jioint A to a point B we 
are said to join AB. • 

A finite ^lE’^erminated) straight line is said to 1 hi produced whci.it is 
prolonged to any length in that straight tine. 

To bisect means to divide intd^two eyuol part.s. 

In every finite stmiglit li^c there is .mo point at equal 
distances from the two ends. * 

That is to say : • 

Every finite straight line'^af a point of Inseetion. 

{Measureinenltof Straight Lines.) 

* '.6. For measuring straightrfines the jupil will need a scale 
showing inches and tenths gf an inch'along one edge, and along 
•the other edge centimetris aful millitnetre.s. 

The tew instructions reguire^ for the use of such a scSle are 
■best given oraiiy. ^ < 

The unite on the scale are divided inin tenths in order that measure- 
jnente may be recorded dectnudhj : Thus 

(i) Thru and seven-tenths incl^ ehoutdAie written 3*7 in., or 3’7'.^ 
• (ii) Might-tenths of ift inch sSouId be written 0*8 in., qf 0*8”. 

(Si) Five centimeiree four miUi^rea should Ifcj written 6-4 cm. 
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Ex. 6. 
an inch. 


Measme the lengths of A6 ami CD in inches and tenths of 

S 




o 


C -D 

Ex. 7. Moa.sure the above linos AB and CD as nearly as you can in 
ceiitiinotreH and nHlIunetres. ' i 


Ex. 3. Mensiire AX and XB m inches andttenths of an inch, and 
add your results togc'ther. Test yo#^^ work by nieasuring AB. 

A ~ X * ~|- 

Ex. 9. Measure AX and XB in (‘cntiinerres ami milliinetrc.s, and find 
their (hITeronce. Test your result by ineasuiinR AB. 


A B ^ • X 

0*0 

Ex. 10. (i) Measure AB, AX, and XY in inelics and tenths of 
an inch: hence reckon the leimth (d YB. and Isst your result by 
measurement. * t 


—»- , - , - 

A X . Y B 

• <* 

(ii) Measute AY. YB. amVX^ in c^ntiny'trea, and hence find 
AY I YB - XB. What line .should you now measure to teat vour result ? 

e 

< 

Ex. 11. Draw straight lines to 8hi»w tl^i* hdlowing lenglh.s: 

2-«in.. noom., 1-8',* 4-7™., 0-8 in. 

H 2 cm., 3 r, 0 7 eiji., 0 mm., 33 mm •• 

Ex. 12. Draw' a line fB of lrngtK;7‘2 cm. By measurement, out 9 ff 
from it AP equal to half AB. rfnd AQ eqlial to one-lhird AB. Find with 
your dividers how many timc.s PQ is tofiuined in AB. E.-splain your«. 
result hy finding the value of i - J . ♦ 

t • 

^ Ex. 13. Draw a line 4 inches in length. Measure it^'terms of centi’. 
metres and millimetres. Divide your Vesult by 4, and thus find the 
equivalent of I inch in cms. 

. Ex. 14. Draw a line l(^ eentimetrea in length. Measure it against 
your inch scala Divide the result by lO, and Shus find the pquivaleiit, 
ot I oentimetre in terms>of inches. ' e 
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7. So far linos nioasurorf in inches and tenths of an inch 
have eontainW an exact number of Wnths. Tills will not 
alwratrsoe sS, Fojpcxamiile •, • 

.. A ' _,_ • ■ B • 

f ' I . I I I r I I '1 I' f 'l 'I r 

. -0 . 1 2 3 

the line AB ia^nore than 2 t" and less than 2'5". In this ease 
we may mentall*-*divKle the tenth in which B falls into ten 
equal fiarts, that is to sav, into Immiredllis of an and 

judge as nearly as whr can hr^' many of these luiudredtns are 
to l*e added to 2-1, In this inatanee about senen-hnndredtha 
sljonhl be aildcsf. so that the length of AB is about 2 ’IT". 

ex. 16. Mcai-uro thr alrHiirhJ lino.s namcil below; lirat in inches, 
tenths, ami (as nearly ah yon <-an) in hunihn!tli '<; then in centmeires and 
nnUimetres. Tabulate your rosnlta as imluati-d l>eIow 



, 8. A plane is a surfacet the test of Hatnese being that 
if any two poffnts are tak<^ in the surface, the straight lint; 
between them lies wholly in that surface. 

This may be illustrated by lav^g the stg^aight-edgo of a ruler on a 
table, and noticing that the wh4^ length of the edge always rests upcfi 
•tHb surface, in tchaieve/^position the ruler is placed. But if the ruler 
pldUBed in the hollow of a basin, o^ly the ends r^t on the surface. 
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III. Circles. 

1., When a point (P) moves so that its 
distance from a fiJted point (O)'is always i 
the same, the curved line so traced out [ 
is called tho circumference of a circle, \ 
and tho fixed point is called the centre. P 

Notb. Strictly «pcakinK the w(ir(l^<*ircic means the figure enclosed by 
the curve, but it is often used ha equivalent to tho curve itself, naively 
tho cirouinferenoc. ® 

A circle is drawn with comjmuHdK, the steel point being kept 
at the centre, while the pencil point traces out the circum- 
ferenec. Every point on the curve so traced is at the same 
distance from the centre, for the span of tho- compasses is 
unaltered as ^they turn, , * , 

t 

• 

2. A straight line drawn from’ the aentre of a circle to its 
circiimfcrcnee i.s called a radius. All radii of h'circle are 
equal. 



3'. All circles arc of the Mine slmpe, however large or small 
they may bo. ' < 

Two circles of equal radius arc, of the same shape and sizp 
and each is an exact copy of the other. 

f 

I ' |> 

* 4. Any straight liKo drawn Vhrough the centre of a cirde 

and terminated each way by the.dtj 
cumfefence is called o diameter. 

An arc is any part of the fircufh- 
fcrence of a circle. c 

A chord is the straight line joining 
the ends of aware,; thatiis, the sftaight 
line joining ^any two points on ‘the 
(Srcumference. « 




EXEECISBS 0I{ CIRCLES. 

tx.l. Take a diaiancc of 5 centimetres in your compasaos. and with 
a fix^ point O as centre draw a circle. Note that (i) ever^point on the 
oirmimf^np^ must be H cm. diutant from the eeutreO ; (i^overy point 
wbich.is 5 cm. fronti^inuHt be on the circumferea^^ 

♦ Explain.why the circumforence must be a chafed curve. 

• * « 

«x? 2. What is the groateat number of points at which a^traight line 
can cut the circumference of a circle ? 

* ♦. 

E)^. 3. Tak^a point 0 as centre and draw a circle with a radius, say, 
of 1*5 inches. Drjw any <Uametcr AB. Now carefully cut your circle 
out, and fohl it about the diameter AB. thus dividing the circle into two 
parts. Do you find thpt «)nc part fits exactly over the other T ijf so, 
this shows that the two part.s are^ the sizfi and shape. 

• 

.*■ • 

The two equal parts into w'hicli a circle is*divided by a 
diameter arc called semi-circles. 


Ex. 4. Draw a < ircle of diameter 3-0', and on the circumference 
mark a jiomt )C From X draw two chords, one DS' long, the other 
2*0" long. What is the length of the longest chord in this circle ? 

• • • 

Ex. B. In the figure of J9rt. 4 notice that the chord PQ divides the 
circumference into^ico arcs. Pt)mt them out. Can a chord ever cut off 
two equal arcs T Which Is the longer lino, an arc, or the chord which 
Joins its eftdk«! • 

Ex. 6. Draw a circle, j^y of racfliis 2-0", and 
with the mine radius myk off point* round the 
circumference. How many »%{» cun you thuH 
take ? Six exactly. Are the arcs which y(»u thu| 
cut off each 2'm length ? Are tlif^ more or less 
than 2" ? .Join the points division in order. 

Are the chords each 2' in leri^h ? Why so ? 

Join the centre to each point of division, and 
''thua complete the jwittem shownen the margin. 


{Two or moreIntersection of circles.) 

Ex. ?. Mark a point O on your paper, and from 0 as centft draw 
Jhree ciitlea, ope oi radius SHi era. next of radius 4*0 cm., the third 
•of radius 4*5 cmf Notice that jthe circiimferenoes do not cross or cift 
ono another. Why not ? 



^Circles which h^e tlw same centre are said to 
concentric. - * 
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Ex. 8. (i) Take two points A and B, 7 em. apart. With A as Centre 
draw a circle »f radius 4 cm. ; and with B as centre draw a circle of radius 

2 cm. Explain why each eucle is outside the other. )Vhat is the 
shortest distance bet'/t*p.i the circumferences ? 

(li)' A^ain take two^pomts A and B, 7 cm. apart; and, as before, 
with A as critic draw a circle of radius 4 cm. But this time draw fitf*ni 
centre B a circle <»f radius 5 cm. Why do these circles overlap ? At 
how many points do the circumferences cut one another ? 

(iii) Once mon; take two points A ami B. 7 cm. apart, and with A and 
B as centres draw two circles, one of radius 4 cm., the other of radius 

3 cm. Do the circumferences cross one another ? Do they meet ? If 
your ii’ork is carefully doiv, (he two circles just touch oim another. 
Where is the tom'hniK point ? Say \%hv. 

Ex. 9 Take^lwo points A and B. 2 cm. apart; nud with centra A 
draw a cinde of ratlins cm. With centre B draw a circle of radius 
Hem. H()w does this circle meet the first, and where is the meeting- 
point T 

Ex. 10. Can you draw two circles which cut one yntither at more 
than two points ? Try. 

Ex. II. Take two points 3" apart, and call thenp A and B. With 
cenlio A ond ratliua 25' draw a circle. With centre B and radius 2" 
drawt* sectuid circle. Call the points at which the circle.'* cnt.oiie another 
. P anti Q. Ht)\v far is P from A amt from B ? How far is Q frt»m A and 
from B ? 

Ex. 12. Take two points A and'\i,«3 cm. apart. Find with your 
compaases a point whi^h is (1 cm. from A and also 0 cm. frtim B. Can 
you find more than one such ptunt*; How' many ? 

Ex. 13. Draw a line 2’5'' long, and find with your compassea a point 
that U ‘J’O” frtim each end. Ht)W man;' such points arc there ? * 

• * * « 

Ex. 14. Take tw'o poihts X^and V. 0 ein. apart. Find a point which 
18 6 cm. from X and 5 cm. from Y. Htjjvvmany such points are there ? 

Ex. 15. Draw a line 3‘.3' long, and find two points ei^ch of which is 
2^2' from one end and 1-8' from the otl^er. « 

Ex. 16. Two forta defending the mouth of a river, one on each side, 
aje 20 kilometre apart: tEeir guns nave an effective range of 12,000 
metres. Draw^ plan (scale 2 km. to I'cm.) slewing what part of tl^ 
rfver is exp<»ed to fire tom both forts. 



ANGLES. 


IV. Angles. 

• •• t * • 

1 , Whon two*s\Yaight lino.s moot at a^rtnt, they are said 
£o form ah angle. • • 

The straight lines aie calhsl tlie anas of the angle ; and Aie point at 
>yhich they meet is its vertex. 1'he Hii:n L is used for llie word atajU. 

The angIc*T*rmed by the straighi linen OA.OB is named thr anak 
AOB. or BOA ; if tjnjre i.s only one Hiigii* at a vortex, it may be named 
by a Bin^e letter, nS we anyU 0. 



2. Figs. 1, 2,•and 3 repres<‘nt throe angles. In Fig. 2 it is 
seon that^tlie arms iiTi'*wo}r wuichj ojM'nrd out than in Pig. 1 ; 
while in P^g. 3 th<‘ arms are less yuh-lif out than in 

Fig. 1. This we ox])ross by sayuig that 

the angle POft is (//r^or t/ia/i tln'^nglo AOB ; 
the angle XOY is uw f/uiu the aiij^le AOB. 

Thus the size of an an^e does not d^'jtond on the li'iigth of 
its arms, but only on the .dojie or mchuufiou of one arm to the 
,other. 


*3, The magnitude of the a?ig|e may be thus oxjdained : 
; »Suppose that the arni|(3yipi8 fixer), and 
that OB turns ahoid the /wih/ 0 (as shown 
hy the arrowJ|. Suppost^ als^ that OB 
began its turning from tb6 position OA. 

Then the size of the angle AOB is measured 
by the amount of turning required to bi^ng 
t4© revolving arm fjpm its*first position 
OArinto its subsequent position OB. • 




JO 


Oi5i)l£ETfiy. 

« 


4. It is important to observe that two straight lines such 
as OA, OBVdrawn Ircan (or to) a point 0, have ilifferejft direc¬ 
tions ; and the anjjle thus formed raeasussa the aifferevce of 
direction. 

• ' •' 

5. Angles which lie on either q 
side of a common arm are said to be 

adjacent. 

For example, the angles A08, BOC, 
whicU have the O(mimon arm OB, are 
adjacent. «,. 

Observe that the two adjacent angles AOB. BOC^together makt up 
the whole angle AOC ; 

that is, * the CAOB t-the c BOC-the LAOC. 



6 . Axio,m.S, (i) If a line OP, revolving 
ahont 0, turns from OA to OB, it viiist pass 
throuifh one position {and onhj one) tn whifh it 
divides the aiigle. AOB into two equal parts. 
That is to say ; * 

Every angle may be supposed to have q line 
of hh,ection. 



(ii) If 0 is a jmint in a stfaiyht lin^AB, " 

then a line OP which turns abmiUf? frenn ihc 
poshion OA (0 the jmition OB «i«s( pass ’ 
throwih one jwsitint/{and one only) in which 
it makes the adjacent angles AOP, POB equal e'' 

to one another. -—^j- 

Boa 


7. When one straight line stpnds on anothes so as to make 
the adjacent angles equal-to one another, each of the angles 
is called a right angle; and each liaeT%said to be perp6n|lictdar - 
to the other. 

t 

e A.xio.m,s. (i) At a given point p in a straight line AB there 
is one, and only one, line perpendietdar to AB, 

(ji) All right angles are equal. 

Tints a rightpingle may be taken as a'Uandai^ with which to compsn. 
Other angles. c * 
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f. A right angle is divided into 90 equal parts called 
degrees]®).^ • , f 

* • ^ .Xhat is, one rigU an^le -=90®^ , 

acute angle is than- <Jne right angle. 

1’hat is, an acute angle is less than 90®. 

* • • 

An'obtuse adglo is groatt'r than one right angle, but less than 
wo right angles. • * 


That is, an ^ibtusc angle lies between 90® and 180®. 



aftite ang'Ie rij^t angle offtuse angle 


9, If Q is a point in tlic straight line ; /P 

AB, and it'flP rpvoivcs about 0 from I / * 

the position OA into the position OB •''f'/r 

(as indicated in the figure), it turns 1/ 

through two right ingles, osjt#". B q , 




If OP makes a complete 'revolution 
about 0, starting from OA an^ return- 
jpg to its original position (as ip^icated 
in "the "figure), it turns throil^h fopr 
right angles, or 360". • , 




A 


• • 

If one arm of an angle, starting from 
the position OA, turns about O until it 

makes a straight line with OA, Uie angle^ - 

so^formed is called a jtraigU angle. ^ 
%aa the slraifht angle AOB = 2 right angiee =480°. 







12 


,GE©METRV. 


10. An angle whieli is greater 
than two right anglesf but less than 
fout right angl(«„*i8 said to be 
refiej:. 

• f. , 

that 11, II reflex angle lies between 180 ® 3 
and HflO ’. 

NtiTK. When two straight lines meet, Iv'o angles tife formed, one 
greater, an<l one loss than two right angles. 'I’lie tirst arises by suppos¬ 
ing OB to have revolved fnun the position OA tnif longer way round, 
marked (i) ; the other by su|iposing OB t*) have revolved the shorter 
way ?ound, marked (ii). Unte.H.s the eontrar>' is rftated, the angle between 
two straight lines will be cons^leretf to be that which la less than two 
right angles. c 




(.diK/h’.s' (it th(' Cenin- of a dircle.) 


P out tho whole nreumferenct' 
of a circle ; and while OP turns 
through any angle AOB, the .point 
P traces out the corn'sponditig arc 
AB.« ^ 

Now suppost* OP turns in^succession through any equal 
.angles, such as AOB, BOC. COO. we^o at once that the corre¬ 
sponding arcs AB, BC, CD, traced bnt by the point P, must also 
be equal. 

It follows that whatever paj^t or parts tho toggle AOB is of 
" four right aiigles (namely, ^a cotaplcte angular revolution), Uie 
same i>art or parts is the arc AS of^the^whole circumference. 

ForVnstanoe. if tho LAOS-45®, that is, <me-eighth of 3fi0®, then the 
arc AB -one-tighth of the whole cirt-umfelence. 

If tho LA0D=185®, that is. Ikreef eighths of 36^, then the arc 
^0=three-eighths of the whole circumference. And so on. 

We may alfeo conclnd.^ that ifthe arcs AB, BC, CD are equal, 
then the angles at the centre op'posite (0 them, namely, the 
Z.*A08, BOC, COD a\o also equal. * 



11. If a straight line OP of fixed 
length, revo^jdng about 0, makes a 
com{)lete revolution (that is, turns 
through four right angles), the point 



Id 


ANGLES AT THE CENTRE fP A (TRCIlE. 

?x. 1. What fractions of a rij^ftfaHjZeare 45", 30°, C0°, 22J^ 7J®, 37J'^ ? 

Ex. 2« \Jr’hat fractions of a atraujht angle Are 120°, lw°, 30°, 674°, 
52iMl7°? • . • 

Ex 3. How many degrees arc /hen* in I, ia of a co^^ete 

angular revolnUon 7 • 

. E)<. 4. .On a clock-face what fractiona of tlie whole circumference are 
arcs oontaininjl•U.>, 12, 30, 54, 37| minute divisions ? 

Ex. 6.. ThrouglxHow many degrees does the minute-hand of a clock 
revolve tn 1 hour, in ] hour, in }. hour, in ^ hour ? 

Ex 0. Through how many ilefices rkic.s the minute-hand rev4»lve in 
5 mfhute.H, in 25 iiynutca, in 30 inimites ? 

‘Ex. Y. How long will It take tlie minute-hand to t<lrn through 48'"» 
through 102°, through 51° ? 

Ex. 8. ff a w'hoel make.H 10 revolutions a minute, through how many 
dcgrce.s will it turn in 1 second 7 

Ex. 9. If th^ spoke a wheel turns through an angle of 108° in 
4 se^tnds, how many rcvolutnwiH is the whi'cl making a iiinnte ? 

• 

Ex. 10. Tlic Eartli makes a complete ixn-olution about its axis in 
24 hours. Through what, angle will it turn in 2 hrs. 48 nun. ? And 
how long willjt take to turn through 225° Y « 


12. In the adjoining tignre tlifii)oint.s A, B, C, etc., ar(^ found 
by diking any distant* on^lnyonipa.ssoH, . ^ 

and witli it nuirktng ofl' wjual di.stan(,'es * 

round the circumference. The Umjlhn \ / 

thus ‘stopped oft’,’ reproscijted liy the 
dotted lines AB, BC, CD, etc, arc all / 'i . 

•eipial. , I O 1 

, We have th*is drawn a serie* of c.pial \ / 

chords: The arcs cut off by tSese chord.! N. 

_ are also equal. B’onnal^foof of this fact - 

wdl be given at a later stage. Here its truth can o»ly bo 
tested e'xperunentally. This ihay be done by cutting out, or 
folding, or byteans of trasing. * 


It may now be assumed that in a circle (or in equal circles), 
when we step off equal chords, we thareby cut off equal arcs; 
atfd by cutting off eoiial arts we can make equal fugles at the 
centre. 
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\M^eamrement of Anglen. The Protrarlor.) 

13. The princip'fe illustrated on page 1^(namely, that eqvxd 
atigks at the centre of a circle hflve equul arcs ojrposxte to them) 
is applier' to the construction and use of the scmi-civcialat 
protractor for the measurement of angles. 



B 0 


Your protractor sliows a semi-circular arc divided into 180 
equal parts, which for convenience are numbered from each 
end. ( 

(i) To measure the number of degrees in a given angle, place 
the protractor with its centre at the vertex, and the diameter 
in line with one of the arms of the angle; then observe 
the mark of division on the rim under which the other arm 
passes. 

(ii) To make an aitgle of a given number of degrees {sdy 5y), 
draw one arm OA ; place the protractor with its centre on 0 
and it®, diameter in line with OA ; mark a point on your paper 
as close as you can to the 53ru division on the rim ; remove 
the protractor and join the vertex O to the poiiit so marked. 

Note. In measuring a given angla.tbe pupil must be careful to read 
the number of uegreos front tbe right set of numbers. Mistakes, how¬ 
ever, can always be avoided by first ol^rving <«hether the angle to be. 
measured is acute or obOuse. 


MEASUREMENT Of AZOLES. 15 

»' * * * * 

£x. il. In the following figure measure the angles named below: 



Y P Q* R S X 


^APx’=* , iBaX- , z.CRX== , iOSX- 

AAPY= , ^BQY , 1,CRY-- , ^D8Y-= 

^A08= . ►AOb -- ,*-AOD-; •, iBOD^- 

• 

Also measure the l" BOC, COP, TOR. How many degrees are there 
in the refiex angle BOR ? HiWv gan you determine this from the figure 
by a single meawurement ? 


• .Ex. 12. Dra# a straight line of length 3 inches. By means of 
l^tir protractor draw lines making the fi4l‘>wiifg angles with AB : 

. V (462°, (ii) 27°, (iiiJiSl* Ov) 157°, (v) 123°, (vi) 49°. 

. (This may be^done in a single figu*.) 

Also from B d(faw lines makiag the above angles with BA. 

* • ' 

* Other angles wi^ grms^of convenient length, for measure- 
► meni should here be provided by ihe teactier. 
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c 

Ex. 13. Draw a fltral^;ht lino AB «'f length 8 cm. From A draw two 
liiiOM, Diie n'^^oaeh Hide of AB, each making an angle of 47/ witli it. Reiieat 
the pnicoHH, making angiea of 75*^ and 131“ on each side ot AB.' (This is 
to 1 h‘ done in a H'ngio.^gure ) 

Ifiyour figure were fr»lded about j^B, how would the lines on one side 
of AB fall with regard to Ihone on the other wde 1 .. i 

Ex. 14. Draw a line BC of length 3 inches. At B ina/e an angle CBP 
ecjual to 32“, and at C make an angle 8CQ etjual to 53“ on the same 
siile of BC. If BP anil CQ intersect at A, ineawire (he four angles at 
that (loint. 

Ex. 16. AD is a lino 1'8 mehesui length, and it is producixl to B 
making DB eijual to AD, At A make the angle BAp iHiual to 34“, and 
at B make tho angle ABC eijual to 5(1*. If the arms of the angles meet 
at C, and CD iA'jmtierl, measure CD, and all the angles at C and D, 


Ex. 16. Draw an angle of 3.5“ with your pro* 
tractor; tlii'ii, with ruler and compasses, construct 
another angle three tunes the sr/.e of the first, ' Test 
your con.strucfion by measurement. 



E«.17. T want to draw an angle fie times as great os a^iven angle A. 
Explain in your own words Ima this may lie done. 


Ex. 18. Draw a crele with eei\‘re 0 and any 
radVas. Step off this radius from A to fc on the cir* 
cuinferenee, and join G'A, OB. ^ 

What fraction is the Z.AOB of four rxaht angleSt 
and why? How many degrees are-lhere m the 
lAOB? z\nswer, then test by measurement. 



Ex. 19. Draw an angle of 120“, .jiing ruler and compasses only. . 


Ex. 20. With youi protractor draw ti'right avyU 
AOB. With centre 0 and any railiua (say 7 em.)xlraw 
tho are AB. What jiart of the whole cirl'umference is 
ihis arc ? , 

From centre A, with the same rndius. cut tho arc 
at P; and from centre B, with the same radius, cut the 
arc at Q,. Joirf OP, OQ. * 

" How large a^ the L' AOQ, QOP. PO^ ? Answer, giving your reasons: 
ihen measure. » ‘ 




ADJACENT A:^GLES. 
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{Adjacent Antjles.) 

14. . firaV a Htratght line AB, and froin^atiy jioint 0 in it 
draw another straij^ht line OC in ani/ direction. 


ly^asurc the aft^le AOC; and, inlhout inontaj the '^mdractor, 
measure the adjactuit an*;it‘ BOG. Add togeflior tiie two 
results. 

Evidently lAOC BOG - 1^0 ile^rees , 
for w^hatever may he the din'i-tion of OG, the adjacent angles 
AOC, COB togeftier nutki* up th(‘ stranfht angle AOB : and we 
have«seen that a .straight ahgle is ^‘(juivalent to ''2,\\q}d angles, 
or 180". ^ • 

When the sum of two angles is equal to two rigid angjes, 
each is saiR tft he the supplement of tlie other. 

Thus, in Iho above ligurv. tJic of ibo _ AOC jh tin* lCOB. 

The supplement of 7H’ js lp2 . for the Mutn of ilww; aiif'les - ISO'. The 
supplement of x ileKrefs i.h ISO ^ <,Pgree.s. • • 

Ex. 21. .As in the lant tlt,nire 00»is drawn from a point 0 in the 
straight line AB. • 

(i) if the _ AOC H'ckon die _B0C. 

(li) if the Z.B0C y0'\ reckon the _AOC. 

9 ^ (lii) • if the - AOC n-ckon the .lBOC. 

Ex. 22. Write down the si^mlenients of the f<»llowing angles: 45®, 
80’v 120% 71®, lSr»°, 148® ; a#io ot one-third of a right angle, one-fifth of 
a right angle, tuv-lhird^ of a straight angle, three-quarters of a alluight 

anfflp ' « • * 


Ex. 23. Draw* a .straight line AB, and fn)ni a 
point 0 in it draw any straight lines OC. OD, on 
the same side of AB. Measure thft angles ^OC, 
C^, DOB, and find th^r sum.* Aceemnt for the 
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Ex. 24.' From a point 0 diaw any three 
straight linl^hOA, OB, OC. Measure the i_AOB> 
60C, COA, and Hi’ i^' the following: t 

,.AOB -i _BOC f^COA degreoa. 

7ight angles. 

Account for the result. 


Ex. 26. In the figure of Kv. 24; 


A 


(i) If-AOB I2r>'^, and _BOC 82". reckhn the i-COA. 
(u) If ^AOB i:t4'\ and -AOC - ^52^ reckon the -BO'c. 


In eaidi ea^«‘ test by inea’^ut'emenf. 


Ex. 26. Draw a straight line OX. Make 
the angle XOP ho'’’; an<i on thi‘ other side 
of OX make the angle XOQ 120° Are 
OP and OQ in one straight line 'i If not, 
how should OQ 1)0 tinned, ho a.s to hung it_ 
into line with OP ‘i 



Ex. 27. Kepeat the last exercise, making the angle XOP " 107°, and 
the angle XOQ - Iki". Through how many degrees must OQ be turned 
so as to bring it into hue with OP ? IShtie in leordu Me principle which 
yotutre applying. , 


{Vertically Opjmite Anyie's.) 

16. When two straiglit lines, such as AB, CD cross one 
another at O, the angles AOC, BOD arc said *o be vertically 
opposite. The anglhs AOD. COB are also vertically t)ppo^w 
to one another. 



Draw stAight lines AB, CD crossing ^t 0 at any angle.^ * 



VERTICALLY OPPORIT^ ANCLES. • . 19 

•• * 

Measure the angle AOC. Then observing that JlOB is a 
raiglUfirujle,*«t'\te down (without nieasiirenient) the number 
degrees iif the ^ OOB. •, • 

Again, 'having nienaured tjie .lCOA, aiji:! observingethat 
DB is a straight angle, write down the miniber of degrees in 
,ei.AOD, 

It .will bc’eieen that the i.COB = the lAOD ; the reason 
ling that ene/i.gf these vertically 0 ]i]) 0 site angles is the 
ppktiicitl of till* L AOC. 

Similarly the .lAOS^the vertically opjio.site _BOD. 

• 

NpTK. Thr (MiiUllity <tf vorticall V OppOhlft* ^eeOC 

fnay be illustrated bv exjK'rinu-iit. 

For inslunee : tuo narrow strips of card- 
lard may be pivoted by n dniwiriL'-pin at 

Brinji: the .strips into coincHlenee, tln'ii A 

>wly ojien them out. Ohserve that the 

me movement Tj’bieh o|K'nH tlie anj'le AOC. aKo ojiens the nipirle BOD: 
at 18 to say, these aii>i:l(% ore the rt'suli of the <(\me u>iiou)it of tHniin/j. 
d Ire therefore equal to on^another 


Ex. 28. In the figure (if Art. l.'j: 

(i) If the i.BOD-!43^ leekon each of the „'BOC, COA, AOD. 

(ii) If the 4. AOD — 29'^, reckon earh of the DOB. BOC, COA. 
[in) If the i.COA - 123^, icekoneach of the i.;BOD, DOA, COB. 


V. DlREfiTION. l^AKAI.LKLS. 

1. We have seen (p. 10, Art. 4) that any two straight lines 
awn fromy or to, a point 0 liave different directions, and that 
e angle betwA?n tlicnt indica^fs the ainonnt of this difference, 
‘other words, the directum of 0B» ns com'pnred with OA, is 
pd h^the anfjle AOB. tStVfigure below. | 
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So also two straight linos (such as AB, CD in the figure 
below) wliK'h have dilTorent direotiona, will nfcot wljcn pro¬ 
duced at some piipt O, and torin an angle,-which measures 
the differenee of direction. 



A b” 0 AC 


But two straight lines which have Itki' ilirtchotts tl'tll never 
meet, howcvcii far they arc produced. Instances of straight 
lines which have like directions are shown below. 



parallel, thus iiarallcl straight lines never meet, however far 
thev are produced., , . 

\ t- * 

3. The leM of like direction^ may be thus explained : 



■ In the above figure, AB and CD tre two straight lines, and a 
third straight line PQ is drawn to cut them at X and Y. 

Then the direction ot-AB. as tonipared with PQ, is fixed by 
the angle QXB; and the direetion of G.O, as compared with 
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♦oA \ * * • . 

Now if the angle ClXB = tlie angle QVD, the lines AB and 
30 have like ^iiectio}is as eoinjiared wi^h PQ. anjAvill never 
neet. l*o\\'eA-er fgrdhev are prodiuasl. 'J’hjt is, AB and CD 
ire parallel. * , 

• t 

'fh*‘ lin«‘ PQ. which \n drawn across AB and CD. 4s called a 
jansversal. 

Tile anji!cs*QXB. QYD, which fix tlic directions of AB, CD in 
•oinparlson \\itli;PQ, are callcfl corresponding angles. 

4. We now s<‘e liAw we cat^draw piirallei .strai^lit lines with 
i twarigular ruler (known as a set sljuare) and a strai^lit ruler. 



Place a set square in any pOvsition such as that shaded in 
the diagram, and aj^jtinst on-* of its snlcj^lay a .strai^dit ruler 
(marked AB in tlie fi^urej* IIoldin» the ru'l.T firm, sluh^the 
set square alonji it, so that tlntside nuirk»^l PC iuov(‘s into the 
position QD. Then QD PC are parallel. For the corrr- 
spoiubvg angles BQD. BPC are merely ddlereiil jiOHilions of the 
same angle of the set square^ 

• • 

'♦Ex. 1. By what angle does t!tc minute-hand of a clock chunge its 
direction in mmutc.s ? * ^ 

Ex. 2. The wind- ahifta from West to Nortli-West. What •ngle (in 
degrees)' measurtM its ehangc^jf <iiitction ? 

Ex. 3. Froin two p<>ints on the shore observers turn their glasses on 
a boat at sea. Are they looking m the same dire,etion ? If not, make a 
sketch to represent the differoncetd the dii^pctions. Is-this difference •>( 
direction the same whether the*boat is near or far away ? 
illustrate by a sketch. 
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Ex. 4. A ship steaming due East, alters her course 26° towards^orth. 
Make a rov^h skotoh to represent this, marking the aijgl© which shows 
her change oMirection. • ' , r 

(N.B. The ohnnfe,t)f direction in this easels given by the angle 
botw«>n the new coiusy and Ike line which tooitld hare been followed if the 
fihip had (jone nlrnighk on.) ' 

Ex. 6 . A man walks due South, then turn.s 4.'!° towards West. Make 
a sketch to show his first rlirection. his second <lirectiop» knd hi.s change 
of direction. |.Seo note to Ex. 4.] 

» • 

c 

Ex, 6 . Draw a straight lino AB, and take two imints P and Q in it. 
With your jirotrai-tor draw PC and QD each pcipendicular to AB. Are 
PC and QD parallel ? Wliy ?, * 

Ex. 7. Two men walk along a straight road. At different jioints-jn 
the road eaeh clrnges ilireelion :n° to his loft. Make a rough sketch to 
show each change of direction, and say why the new paths are parallel. 

Ex. 8. Thri'o Hhi|)s in line ahead steam due West, then all ehango 
course 2.')° towards South. Show by a sketch each changi* of <lirection, 
and say why the new courses are parallel * 

Ex. 9. in ri straight line AB take any,^Uvo points P and Q. and with 
your pmtractor draw two lines PC, QD, making the .iBPC - 78°. and 
the angle BQD-tU°. Through how many degrees must QD lie tumerl 
about, Q to become p.arnllel with PC ? , . 

Ex. to. Repeat the last Exercise, fins time making the .iBPC ~126°, 
and the lBQD -61°. (i) Through how many degrees must QD turn 
to become parallel wifh PC ? (n) J’^hrough ‘how many degrees must 
PC turn to lie parallel with QD ? * 

K‘ 

Ex. It. T walk due North, tuni East, and later turn 25° towards 
North. Show both changes of direction 'jy a sketch, and prove that 
ray first and last courses are parallel. 

Ex. 12. Two straight rods AP. BQ turn the same way and at the 
same rate about fixed pivots A and If at starting tne rods were in* 
the same line with AB, show that in all subsequent positions they will 
be parallel. Consider the two cases (i) v^h^jn the rods pointed the same 
way at starting ; (ii) when they pointed opposite ways. ♦ 



CORRESPONDING. ALTERNATE,»ANJ) INTERIOR ANGLES.* 2S 

(CorrettpomUiifi, Alienate, and Interiar Angles.) 

6. Draw with sot sqiiaroa two purallH^ Ihios AB, CD, and 
rule any straijilit lino EF aoj-oss thorn. • Then numbe* the 
angles so formed as in the figure below. ’ 



(i) Point out four pairs of corresponding angles. 

The two angles in each pair (for inatanoo, 1 and 6) may be 
proj’ed equal. For flio angles I and .') fix the dirootiona of 
AB and CD relatively to Ef ; and since AB and c6 are parallel 
these directions are, alihe. That is, the angle 1 =the angle 5. 

(ii) llu^^ngle.s 3 and 5 are said (o be alternate. Poiift out 
another pair of alternate angles. 

If AB, CD are parallel, alternate angles (for iiustance, 3 and 6) 
may be proved erjual. • * • 

For the angle S^tlie angle 1 ; fWliy ?) 
and the angle d =gthe angle 5 ; (Why ?) 
therefore the angle 3 = the angle 5. 

« 

>. (iii) The angles 3 and 8 arg called interior angles. So also 
the angles 2 and .5 are interiot. , 

. Me^ute the angles a*ntl 8, and add together the results. 
If AB, CD are parallel, you should find that 

■ t the angle ^ + tl?e angle 8 = 180°. 

This may be accounted for as follows : 

The angle 3 = tly; angle 7 ; (Why ?) 
the angle 3 +,the angle 8 = the’angle 7 + the angle 8 

=2 right^ngles.* (W’hy ?) • 
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Ex. 13. Draw two parallel-* AB. CD with your set squares. With 
your protrfietor draw a transversal EF, making an angb of 57® with AB. 
Call tins angl(! I, and 'nutnlH-r tlni rest as tiefore N»iiv wfito down 
(without ineasuronK'ii^t'j the numlKT of degiees in'each of the angles 
2, :i.^, 5, i\, 7. 8. 

Ex. 14. Repeat Vho last Rxen'ise, tlrnwiim EF at an angle i f 117® 
with AB. ‘WiUe down (without iiieasiirmg) tin* remaining aiiudes. 

Ex. 15. Again go through the last Kvennse, making cut CD at an 
angle of 75®. As befoii', wiile iloun (vvithoiit ineasnnfig) the remaining 
angles. , 

Ex 10. Draw a line AB ahoiit lU" long. 'Pake'a point P ■ihniit 2* 
from AB. From A draw a Ime throuLdi P, and ^neasure the angle PAB. 
Nou, using your pioiructor. di.iw a,hue through P |)ar.ill<‘l to AB. Do 
this m two ways: (i) hy making ci>rrrHjHmi{n\q angles e<iu:il ; (n) by 
making (tlUruntc unglos equal * 

VI ('tv Till-' U.SE OF Set Squaue.s. 

{l\ir(tlhis (Hill Perpcnihailars.) 

Ohservi* that in eacli set square one anglo is a riqlit nnqlc. 
Th<* remaining: angles in one .set square*are both 4.5'^; in the 
other they afe and dO”. 

1. Thmufili a (jivnt point P to /Iraw with a'set square a line 
parallel to a phrH slniuihl line AB. 



Place cither set square so that one of its sides lies along AB 
ifi the position sliaded in the diagram. 

Against either of the other sides lay a straight-edge ; then 
slide the set cquare alopg it until tlie side originally placed 
along AB passes through the pointtP. AJine ruled along this 
side is parallel to AB, State the reason. 
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• • 

5!? Throuqh a given point P to draw with set squires a line 
perpendicular <0 a given straight line AB, 


Take either set S(niare and pl.iee one of tlie sicles containing 
the right angle along AB. 

Apply the straight-edge to the longe.st .side (i.v. the side 
opposite the right angle) of the .set .square ; and slide the latter 
until the aide originally perpendicular to AB pa.s.siji through P. 

Aline ruled along this .-sde will he per]ieiidii niar to AB, for 
the alternate angkes marked in the diagram are equal. 

Ex. 1. TukP two jitniitH A iiiiil B. I fii fipurt 'riiroimli A flniw jiiiy 

straight liiu*; and throngh B (Jmu a parallel line with jour K't atjuateH. * 

Ex. 2. Praw a line AB^of length W itli v.uii protractor ilraw AC 
making on angle of with A 8 . ^'ow' thnnigh B diaw a line panJlIel 

U> AC. , 

Ex. 3. Re|x*at Kx. 2, mak||ig AB of leiiL'Ih P cm . ami the _BAC 
equal to 32°. J)raw the parallel rtirttugh B with \onr aet stpiares. 

Ex. 4. Draw a right angle AOBiw ith your pntlnKPir. making each of 
the arms OA.OB^/'o cm. in Icngtli. ^Thntiigh A fliavv a parallel to OB. 
rfhrl through B draw n parallel to 0/^. Po tins w’itli s(“t Hquaies. 

What is the shape of the figufe^you have jiiHt drawn ? 

• • • • 

Ex. 6 . Praw a ntraright line AX. and mark off along it AB. Be. CD, 
each I* iii length. Through A, B. and D draw lines perju-ndicular 
tt) AX. Why art^these linos j>ayille) ? • 

Ex. 6 . Draw a line AB of length 7 cm. Through A draw a iMTjien- 
dicular to AB, and along it meaaurfc»AC 7 enu htng. Through B draw a 
pdrallel to AC ; and thix^gh C 4raw a parallel to AB. 

• t^at is the shape of the figure you have thus (|rawn ? * 

t 




26 


GEOMETRY. 


I 

Ex. 7. Draw a line AB, S cm. long. Draw AC perpendicular to A6> 
and make -d cm. Join BC. From A draw AD peiywndicular to BC. 

Ex. 8. Draw a lii^ AB. Through A draw, a lino your set 
aq>mr(‘ft) making with AB (0 a right angle, (ii) an angle of G0% (lii) alt angle 
of 'MV, (iv) an angle jdF40°. ^ 

Ex. 9. •Following the principle of Art. 2, dcviao arrangemenls'of a 
set 8«(iiare and Mtiaight t'dge by which a line may be drawn through 
any point P making with a givt*n line AB an angle (i) pf 45'“, (ii) of 60°, 
(III) of JO ’. ‘ 

Ex. 10. Draw a straight line AB. aiul take anv point P outside it. 
Draw PX perpendicular to AB (with set Hquares). Measure PX. 

Now take any two points Y. 2 m <*n the same side of X. Join and 
measure PY, PZ. , 

(If the lines PX, PY, PZ. which is least ? Whicli is greatc.«t ? Can 
you draw from C to AB a shorter line than the iHTjHmdirnlar PX ? ‘ ‘ 

3. The cli.stance of a point P from a straight line AB is 
understood to be tlio lemjdi of (hr perpendicular PX, tliis being 
the shortest line that<-an be drawn from P to AB. 

\ point P is said to be equidhta^H ftom two straight lines 
AB, CD when tlie perpendiculars dr^wii from P to the two linos 
ari‘ eipial. c 


Plane Figures. Definitions. 

1. Any portion of a plane surface bounded by one or more 

liig'.s is cttlleti a plane figure. » ^ * , 

The sum of the bryinding linos is railed the perimeter of the figure. 

The amount of surface encloseil by the perimeter is called the area. 

2. Rectilineal figures arc those which are bounded by 

straiglit lines. ,. 

3. -V triangle is a plane figme bounded by three 

straight linos. ^ , 

Thur it ha.s throe slaes, three anglM, anh three angular 
points or w Gcw. « • 

If a triangle has all its sides equxl it is said to' be equilateral ; 
if it has hvo sides equal, it is called isosceles ; 
if no Uvo of its q|des are (equal, it is called scalene. 

In an isosceles triangle the vertex is dkually understood to be the pc^nt 

which the cqud sides meet, then the opposite side k called the Ofse. 
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4. A quadrilateral is a plane figure 
by four itraiglit lines. 

5. *A polygon is a plane figure bounded by 
mote than foyr straight lines. 


6. A'rectilineal figiire is said to be 

equilateral, when all its aides are equal: 
equiangularf when all its angles an! equal; 

' re^ar, ' when it is both equilateral anite(|uiangnlar. 
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VII. CON.STRUCTION AND ( 'o.MrARI.SON OF TlUANOLKS. 

• ^ 

1. , The three sides and Ijiree angles of a triangle are called 
its six parts. A triangle»niav also be 
considered with regard to its area. 

In the. triasigle ABC the letters A, B, C 
are used not only to name the sertice.s, 
but to represent the size of the angles as 
measured in degrees ; •while ik, h. r are 
taken to represent the liTiglhs of the 
opposite sides. » 

-m, • ,1. a tA-.:.5S».* .6 =44 . C 

Thus m the ngurc .... . n , 

I ri-2 0 cm., b - 2-1 cn 



The symbol A is used as an abbreviation for llic word triaugU. 

*. 

» 

. . • (Aiii/ka of a Triangle.) ^ 

■2. Let the-pupil now dtaw Aree or four triangles varying 
in size and shs5)c, and in each triangle let him measure the* 
three angles and find their sum. Allowance being made for 
small errors in mea.surement, the results should 'Suggest that 
in pach of the cases e.^mineii 

• A + B4-C = I80°. 
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It will* 1)1' provoil later (Tlieorein 7, p. 54] Jliat this is true 
of every tt ianf!le ; fiaiuely that Ihi; sum of the Ijitee ixngles ts 
equal to two righVangles. l*’or tlie present the truth of this 
vvilMje assuiui'd. ■ . 

Noti:. 'Hie fnllDwinji votilit’iitiou hy c'iperimcnt ia worth notice. 

Di'iiw a j^ood-sized triangle af o/ii/ ■thiipe 
you like, (.'iit it out and leai o(F the enrners. 

Kit the,s(' tugeflier at a point O ; ami observe 
the t\so outer e>lges. It will Ih‘ neen that 
these lie m a straight line In other wonis, 
the three angles of the triMigle ^toget her 
make u|) a Mraiijlit aiujlc, that is, two nght 
angles. ^ 



3. A triiinglo is naid to lx- right-angled wh(‘n one of its angles 
is a right angle. 

t 

In a right-angled triangle the shle^opposite to the jight 
angle is caliod the hypotenuse * 

A triangh' is said to be obtuse-angled when oneoi its angles 
is obtuse. * 

A triangle is acute-angled when all three of its angles arc 
aepte. < < ^ , 

** * 

(.1/o.s‘f of the followituj qiieshon-i A.ay he. atwvered orally.) 

Ex. 1. Draw a riqfit'anykd trmngle; un obtu-9e-a}ifiled triangle; an 
iicute-auijled triangle. ♦ 

Can a triangle have mi'i'c than o!,f right angle ? * .« 

Dow many aento angles must every obtuse-angled triangle have t 

Why w'ould It not be enough to 8ny,‘‘^A,triangle is acute-angled when 
(>»<■ ojfit.s angles is acute ” ? 

* < 

, Ex. 2. In a A ABC. ^ « 

(i) If A -70^ B --.‘>0'’. how many degrees are there in C f 

(ii) .nB --- 28“^.C-U2%find A. 

<iii)^ IfC-126^A- 33Mind B. i 
(iv) IfB=^07°. A- findC. 
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• THE ANGLES OF A,TR1ANGLE. • 

• • 

* 4 *. * • 

Ex. 3. In a triangle ABC nght-angled at B, ^ 

^{i)^ If*A=47”, find C. • $ 

(n) *1{ C*^if of one right angle, whftfc fraction of a ri«ht 

angle w A ? • • 

• • 

*• (lii) If A - C+10^ find A and C. • 

Ex. 4. lu a 4igjjinLde ABC, 

(i) If A , of a Mnvghi angle. B J of a -dran//// angle, lirul 
the mimlxa-Ilf dcL'iia'rt in C. 

(u) If B C of a right inigh-. what 

^ fraction of one nflit angle is A 

. (Ill) If C* u "f II lltlllt lii'l-’li'. A 1 "f a liulit Iiiigl'-. "lull 
fiactinii of II rlf^lil aiij^lo la B ? * 

Ex. B. If 111!' tliii'i' aiicli'.a of .a tiiiiii,i;li- arc ciiiiul, iilml frai licii "f ii 
nght angle is eath one ? 

Ex. 6. If one luigle of fL triangle 110 , and the othci two aic ciiual 
to oii^nother. how nmiu degrees aie Ihcie in <'!i' h oih' ( • 

' • 

Ex. 7. In a li'mn|lc ABC, A 41", nnil B 3C ; timl B ami C. 

Ex. 8. The ailfllea of a tliaiinlo ciiiiliiin icajicc tivch r, IV, :tr (Icjircca ; 
find eaeh one. 

Ex. 9. Is it possibly that a tyf ngtc slmuld huvethe f<»llo\iiiig anglejji ? 
(1) 8,-.°, 78M7”; (II) I(l2',4:)‘,:i(i"; ^1') 4783 , 4!»‘'. 

Ex. 10. In a ,■* ABC, * • 

(i) If A f B C, find the angle* C. 

(li) If B I C = III) , B - C 20', liiiil A, B, and C. 

•• . * •* 

* • 

* • 

(Construction amt Conqruatce of Trinmjles.) » 

'4. Before 'i4in.structing f triangle or other figure from* 
given sides and angles, it is very inseful lo draw a rough free¬ 
hand sketch, in order to make ^urc that the question is under¬ 
stood, and to show what i.s gjven and Vliat is required. The 
dnta^ or things <jiven, sfiould be written on the sketah. 
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• * ■ 

5. Construction I. To draw a triantfk having given two 
sides and t/ie iaclud^d angle. • , 

. (For instance* {|«=l-8", c = 2-7”, A = 65°i) • * 



Construction. Draw a line AX; and from A draw AY 
making an angle of 0.')° with AX (using ^nrotraator). 

From AX«,ait olf AB equal to 2 7? (the length of c). • 

From AY out off AC equal to l -8"'(the length of h). 

•loin BC. 

*■ « * 

Tlion ABC is evidently the required triangle. 

Ex. II. Draw u (nanjilo ABC. having givo^i 

* (i) AB - h-2 cm. AC 7H*cm., and the included angle 

BA^'llS". , 

(n) AC—t-2', AB ^3-8". ami the :.A-40". 

(hi) BC o cm., BA - II H cm., and the .lB-35°. 

(iv) a =0 I cm., b -14*0 ftn., and the _C“18®. 

t • 

Ex. 12. Draw two trinngltis ABC?, PQ,R, having given 

AB-rPQ..2-(r, AC 'PR-^4V, ^ 

Cai'^fuliy compare the resulting^tnanglca aa regards shape and size. 
Measure BC and QR. ' ^ ■ 

Ex. 13. Draw two triangles ABC, XYZ, having given 

AC='XZ = 3r., CB = ZV-2-5', .LC^LZ^67^ 

Compare th^ resulting triangles. Measure the angles A and X. a/jo 
‘vho angles B and Y. • • 



CONeTRUCTION AND CONORVENCE OF TRI/^NOLES. * 81 

bt Observe carefully in tlie foregoing Exercises that if we 
are given the fc'ngths of hw sides and tl^e size of t^ie niiluded 
atifflr, tile i^'iultiug triangle is e<im])hlelii jixt'd pi siw and shiijie ; 
so that all triangles drawn from these gifen parts (however 
diffgryntly placed) must he exuftly alike, ’ < 



We conelude that in two triangles ABC, XYZ, if AB = XY. 
AC = XZ, and the inijuded AA = tlie included aX, then the 
triaagles are alike in all sespeets ; and either ci them (or a 
copy of it made on tracing paper) iiuiy hi' so placed iijion the 
other ns exaetly*to fit over it. Ho that the remaining jiarts 
of the tw) tiriangles must be equal, each to each, • 

The process of fitting one figure over another for the iinrpose 
of comparison is called superposition, and the first figure is 
said to he applied go tlie otjieit • , 

In two such triangles eorrejponding sides are njipoiiile lo 
equal angles' and eorre,sppndnig angles aie ojijiosife to equal 
sides. * 


,_7. Trianglas which, being .alike in all respects, may be 
made to coincide by su]ierposi!ion age said to be congruent. 

• -Thu* in congruent trjanffles each part of the first is equal 
to the corresponding part^(nanifly that with which it coiAeides) 
of the other ;‘^nd the triangles are equal in area. ^ 
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8. (‘oNSTRGtTioN II. To (Imw a triangle haring given one 
side and two angles nl ih vndn. * 

(Kor iuHtann- 1 ^-3-2''. B=72^ C^37".) • 



Constructicr*i. Draw BC oqual to 3-2". 

At B make an an^U* of 72^" with BC (using ])rotraotor). 

At C inak«‘ an anglo of 37'^ with CB. on tin* saino side as 
before. o 

Produce tke Iint'.s to nn'ct at A. * 

« 

Tlien ABC IS tin* re([uir(‘d triangle. 

X<si'i‘ When tu'n aiujJft aie utuoc}; flu* data it nmsf be remembered 
that Ihe third angle la kiuiwn bvfote the triangle is constnieted. A 
miigh Ireejiaiul sketch slumhl be ma<le and the three angles written 
into il before drawing the triangle with rule and protractor. 


Ex. 14. 

case wiite ' 

Draw a trningle ABC fiorn Ihe following data, and in each 
down the ifiiid angh- • 

(0 

fi “(PS cm. 

. lor, 

4.C 44". 

(") 

-C H4’. 

^A 

b -5-5 cm. 

(in) 


c 

.i.A-104'’. 

(IV) 

(1 

-A 47'’, 

-B 43". 

(V) 

_B -7(1°, 

6 -11-0 o.n., 

LC^37". 

11 

Ex. 16. 

Try to draw triangles in whiob 



(i) 0'^ 

5-Hem,. 

C-70“: 


(11) II 

5-8 cm., B 

C^135°. 


What difficulfy arksea ? Perhaps you find that the other sidea would 
not meet on your paper: would they'ercr ml'ot ? Give a reason fer 
your answer. ” 
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• 4 . • 

Ex. 16. (,'on.itrui-t l».i trmnKloa ABC. PQR fidm tiu' folUiUiiiR clnln, 
first writijK dowjf tho lliml anyli'm mch ; # 

. BC*^R lB 2i>"; _0,_*R I2R'’. 

C<»m})ttrr tlie trmiij'IcH as rruaids .size atid sliaiu* Moasuiv AB^and 
PQ?.aJsu ACandPR. • • 

Ex. 17. (’onstnu'l two tMan/:l<‘s ABC. XYZ. liavmji yivcn 
AC 4-:."; _Y 7S": _C W '. 

Olworve that it is fii^st iiw.ssarv to fiiul flu- anplos A and X. 

Comparo the tnanldcs, and nieuMire AB and XY. also BC and YZ. 

9. From the aliove Fxercisiip jt will he seen : 

(i)* That a tiyuiitile cannot alwavs lie drawn having two 
an^es of oiveii size. The sum of the two pviu* anj^les must 
in fact he less than 

• (li) That when the len"t}i of one side and tin- fin> mujU's at 
it^i ends are jiiven. then (|»ro\ided lliat .Midi a Irianj'li' can he 
drawn at all) its^v/cc (lud shnpr inll he nmijileteli/ fixed ; aiul all 
driangles drawn trout ti!es(‘ data must he exactly a[ike. 



Hence wo conclude that m two (riai^fjJes ABC, XYZ, »/BC YZ, 
'and the LB-the and (he L^--the lZ, the heo lnan</h\s are 

c^gruent. • 

Note. Observe that the given side in fine triangle must WTPftitond 
to the gw'en side in the other; is, lhe.«e sales niust t)e opposite t<i 
equal angles, m order that the triangles may lie congruenl. ^ . 

• • 

•10. Wc haV already seen (Axiom (lii), p. 3) that the* 
straight line jostling two potnts is (he shortest distavee, hetween 
them. This may bo illustrated in any triangle ABQ ; for clearly 
BA 4-AC is greater than BC ; AB + BC greater than AC ; and 
BC^CA greater than BA. In other words, any tW) sides of 
driaif^le must h together greater tfian the thiret side. 

H Sh.O. 
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11. ©ONSTBUCTION HI. To draw a triamjley having given 
the three Sides. ^ » 

(f’or iriMtunce : *rt=8 cm., 6-7 cm., c = 6 cm.) 



Construction. Draw a straij^ht lin(‘ BC of length 8 cm. 

With centre B. ami a radius of 0 cm, (the Itngth of c), draw 
a circle. " 

With centre C, and a radms of 7 cm. (the length of b), draw 
a second circle cutting the first at A. 

films' of these circles, showing the cutting ])omt,‘are enough 
in practiee.) 

Join AB an<l AC. 

' Then ABC is the trif..nglo required. 

NiH'k. --Observe that the |>r«>ftlem is the same a« that of finding a 
point A distant G cm. from B, and 7 c(.i. from C. Can more than one 
such point bo found ? 

Ex. 18. Draw fuK) triangles, one on each side of BC, having thft 
4 iimcnsimis given above. ' ' 

(’ut out the double figure so formetj,* ®nd fold it about BC. What do 
you lind ? Are the two triangles of the same size and shape t 

Ex. 19. Construct triangles whoso side-s have thet^dlowii^ lengths: 

(i) rt^S‘0\ 6-3-0', c=3-0-. 

(li) c = 3-i);, a=^2'.r, 

, fiii) 6 = 5 4 cm., c*-7 Gcnv, 
fiv) a =4-3 cm., 6 - 8 2 cm., 


a - 5 4 cm. 
c = 6'4 cm. 
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k * * 

Ex.20. Isit posaiblctooonstruct tnanftlcMhavinglhefolloj^'in^jsides? 

If in any case it is imiiossible, carry the coitst ruction as far^ it wUl gu, 
and say fails. ^ ^ ^ 

(i) .'l-tr. 6-3 nr. 'r- l-O'. 

(u) ;i<r. ^ 

^ • 

(lii) r=ll‘8cn)., «'=7’8cm, /*=6‘dcra. 

a t'f) cm, />--7‘0fm, c ■‘-’•.'icin. 

Ex. 21.* Draw txfo ABC. XYZ frcmi the following data : 

'AB XYv..>ir, BC YZ l0^ CA -ZX -rir 

Compare the two triangles and jfieasuw the atiLjles B and Y : also the 
angles C aiicl Z. I^cdu('<* (without iiieaNurenienl) the angles at A and X. 

Ex. 22. Draw two tiiangles ABC. YZX from the following data : 

AB -YZ -120ein.. BC ZX K-tKin.. CA ^ X Y .'3 tt eni. 

Can a tracing of the ttianglc YZX be fitted exactly over (he triangle 
ABC ? 

• * . * 

12. From the above Kiercises it appears : 

(i) That a trfangle can lie drawn to have sides of three 
given lengthy only if any two of the given lengths are tog^sther 
greatiT than the third. 

(ii) That, given tin* lengths of th>’--t}n(r snjvs, the lesnlting 

triangle in completdy fired iv %iz<' (nid {provided that u 

triangle with sucli sides can^ie drawn at all); and all trian^e.s 
drawn with sides of thesis lengtl* must be exactly alike. 



Hence We conclude that two (riavriles ABC, XYZ, whwh hrm 
the THREE SIDES of one e<j>ud to the tjiree sid^-s of the other 
(e%ch to each), mxini bi coxigr^etU : and the corr€S])ondiiuf angles 
^ niud he equal. 
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13. r^istJy, would siz<* and shape of a triangle ABC 

b(; fixed, ii we vvere«giv(*n tin- three 
a riffles ♦ * 

I 

Kitst VV(( IKitiCO lllHt lll*‘ Hlim lilt* 
llit'fi* aul'U't {rxprfMHcd in dr^tiM-.s) iiuist 
he |H0‘. othi'iVMHo nu iMuii^lt* foulil bo 
drawn li'im them. 

Lot iH take A fi.r. B HO’. C 
Draw a lino BG nf toi// length iim bast* 

Makoi i)io B o(jUM'l to Ml)’, and Iho 

anolo (J o(|ii,d to ; ilicn irftnlnrr 
wo tako f('»'(bo lniM' BC. lbcuhii<l 
anjilo A iniisl la* ri.') 

Thus anv niimhor nf triangles of different sizes can be drawn 
having given tin* three angles The tigiire will siiggi'st that all 
these triangles have the sume shape : m faet tlie three angles 
lix the shape but nut the size of a triangle. 

14. W e mav now suni uj» the eoSii hisions so far dia\\ n from 
the eonstnietion and eompaMson of tnangie?^. 

A* triangle is eompletely lixed in size and sha])(-if 'rln* follow¬ 
ing jiarts are given : 

(‘ONSTRt'iTioN f. Tiro sales (Did (lie inebidcd atujU’. 

(’ONSTlU'i'TloN II, (hie sale oad (he (iro niafles at ifs ends. 

CoNSTUt^CTlov HI. The ti/iee sales. 

Hence wi* (‘onrlude that (leo Inarafles are canfiruent, if we 
know that the thri'e parts named in I, nr II, or HI are severally 
equal in tin* two triangles. Ppit two triangles are not tieCiiYi- 
sanly congruent when anif three parts of one are respectively 
equal to the eoiTcsponding parts tjjie other. ^ 

\T%-mal pi oofs of the ahi.ve s.hitements viU he-ffiven in 
'■Theorems 9, 10. 13 {see pp. 60. 61, 67). and Fjrrcists on the 
application of confjraent tiianfih's xvill there be 'found.] 


A 
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{Further Ej.ir<-^c.i on the Coii.tlnirhoii (iml Conyincnre of 'l^iniuilej*) 

m ^ *9 


Ex. 23. I^l-aw tiiaftKh's (win 

• 

'I'e posmhlc) frun 

rtie 

• 

followini; data 

U hen the eonstmction fails. sji,\ 
than one triangle may h(‘ diawn. 

wli\. 

• 

Mi'iition an 

CtIM 

• 

' in whicli^moie 

( 1 ) 0 -Scm. 

' h 

d cm , 

r 

i 1 fln. 

(■!) deni. 

n 

S cm , 

-C 

Kl.V. 

(ni) a H liii . 

-B 

.•lit . 

-C 

127 

.(*iv) ■(■•-Iletn, 


;ni'. - 

-A 

I.V 

(v) 1 11 cm , 

h 

i> cm , 


') cm 

. (VI) _C^ 21 . 

• 

_A 

lul . 

-B 

.m'. 

.■ .(vii) _A li.'t . 

-C 

Ml . 

_B 

0 

:n 

(vni) IV, 

.-C 

hH) , 

r 

‘1 :> cm 

(i\) -A ‘*'J , 

-C 

:.i . 

0 

Ml 0 cm. 

(\) n -H Lin , 

/, 

'i cm . 

*-C 



E)^24. Draw a «trni;'lit Bik- PQ nf iiny 
lcnv:tli. and tak»- ,i poiiR O m Kti'tii O diaw 
any two lines on tli^ natin* mkIc of PQ, and (all 
tin' anyles formed A, B, and C. 

With ytnir protractor nieasiiri' tin* anodes at B afid C : ami on a Iihko 
of 3 4" construct a tnanuje liaMut'^llie aneir'j at^(‘.(e|i I'tid (rf liic haM- 
equal to B and C. ID'W do yoi^uiow that the tliiMl anj'le of thi» tiJaA|j;l( 
must b(t equal to A ? • 

• , 

15. It slioiild bo notici'd (bat in oidi r tn inukc two (on- 
oruont tnanglos coimido. it nniy 
bo ni'Cos.siirv ,to rcrrrsr olio ,o( 
fliom, that is, to turn it ovor liotoro ^ 
su|)or|ioaition. This is illnnjiatod 
‘in' thP adjoining , fij-'iito, whioh 
sjiows two Jriangloa ABC, DEF 
aliko in si/.o «nd ahapo, pit so 
rotated that Ihe triangle DEF 
must be reversed befori' it can bo 
made to fit over the tnangle^ABC. 
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GKOMpTBY. 


•“ {Confjrunice.) , 

Ex. 25. Draw,a tuangic* ABC <>i any {hen atatc 

tl»rce (hffnrrnt inc-Hnnln by whn li (afJer necossarv mea'suremeutH) an 
oxufJ coijy <if It nia^ la- rtunJe. ^ 

Mak<- ui'-npy (if the ^iv(‘n limnj'b-'ABC m nn-h of tla-sc wav-i; and 
t(Ni by Ht-ciiif' if a liat in^ of the Irian^rli- ABC ' an Im' o\ii( tl\ lilted civer 
each copy. . , 


Ex. 20. Draw a trineyli' ABC. Ii.ivinii l'im-ii a * t) nn , A ■ 10 0 nn., 
(• cm. Meivsun- the 4.A, and ni.iki- a copy of the ''ABC by 

Const ruction I. Meu'»iuc the _B. and inaki-a set ond copy of tin- ^.ABC 
liy CimslMK-lioii II. .> ' 

« 

Ex. 27. Di^'W- n timiiirlc ABC. lutMiio mven _A o7 , h S'fC, 

r ^-.V. Mea.sine u, and TiiaktMi ( opy of tilt , ABC by Con>ttuction 111. 
iMejisiiie Z.B, and make a -.ccotiii (opy of the ABC by Constnio- 
(KUI II. 

Ex. 28. Kromwb'chof tlie < ondtl ion-'ui\<‘n bclo\^ may wi- conclude 
that the .■.* ABC. RST me congruent 1 llliisl'iiilc cacli case by a ti^mre 
(a frwduind wkelch will be siitln lent) m Vliieli the jiarts jii\en cqifnl are 
aliown by dislini'nishinu maika : 



( AB 

RS. 


j AB RT, 


t RS. 

l>) 

{ AC 

RT. 

(H) 

j AC RS, 

(Ill) 

- -A _R. 


( _A 

-R 


' -A _R 


' -B _S. 


( AC 

RT. . 


( BC ST,. 


1 AB RS, 

l.v) 

-A 

-R. 

(V) 


■ (Vi) 

] -A _R, 


1 _C 

. T.* 


U-C -S. 


1 -C _T 


f AB 

ST. 


r BC ‘rS, 


/ -B ^S. 

(vu) 

1 BC 

TR. 

(.m) 

f CA ST, 

(ix) 

] AB -RS, 


1 CA 

RS. 


1 AS TR. 


• BC ST. 


( _B 

-S. 


1 l‘A ..R, 


( BC -RT; 

(*) 

-A 

..R, 

(xi) 

1 ..B,.-S. 

(X,l) 

1 ^A-i.R, 

« 

t AC 

-RT. 


1 AB ST. 


' iCT,:.T. 


* The JiiH* ,\'i)}ipJe Constructions, cr Prohl€m8,\chich are given 
b(‘tween pages 96 and 102, shoull now be trorked out. iVo 
proofs should lie required at this stage, hul the results should 
he verified ergwriinentaUy. These constructions are to 
done unih ruler ntid compasses only. 



HEIGHTS AND DISTANCES, 

» • • 
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VIII. Exercises on Dr\\vix(; to Scale and Measwrkment. 
• •. Heights and Distances. • 

• . • • I 

1. A map or plan is a small but oxai't flat (’o])y ot the 
con‘«trv or ground it represent^. Thoreforr^hy measuring on 
a map the di.stanee between two dots wliieh mark eertuin towns, 
w'o may reel^qn the n-al distance between the towns them¬ 
selves. provided we know the srolr on whnh the map is 
drawn. ‘For instiihee. if I inch measured on the map stands 
for It) iniles. then 2" .stands for 20 niile.s ; 4 5" for 45 mib's ; 
and so on. Sin-h a map is sjyd to be drawn on th<‘ .scale of 
10 miks to 1 inclj. 


[In the foIhu'Uig Krprn/iej< pl/tii-s arr t<> hr ilrairn ort -fiiuartil jMjtfr ruh<t 
lo tentliH of an ou h, amt the n nills an- In ftp gut hg meiiAurcme.'ni and 
, rpchontvg.] 

Ex. I. I uHlk,4 imics due Nnrtli, tlieu ruites due Kant. Draw a 
plan t(i show my journey, fnakiny I in for 1 mile ; then by meaaurc- 
mentf*tind how far I am from lAy starting jioint • 

Ex. 2. Draw* til* grt)imd-j)liin of a loom. .30 feet long by 20 b'ot wide, 
making 1" represent 10 feet Find iifarlv as y>u can (lie actual 
distance betwt^ai two opi>osite ci'rners. • 

Ex. 3. An upright pole. Ktandmg 2.) feet high, is ata\ed by a lone 
earned from the top to a i^oint on the ground 1 o feel from the foot of tno 
pole. Repre-sent 1111*1 by a dra^vinS (Hcalc 10 fee* to 1 inch); and ^nid 
the length of the rope. ^ 

Ex. 4. A ladder readiea a wmdow adl I.') feet high, an<l the foot of 
the ladder roata on the groumi 8 Si*et from the fnuit of the hoiiae. Draw 
a plan (Beale fi feet to I iru h), and use it to fiml the hngth ot the la<ldcr. 

Ex. 5. liookmg Raatward fr^nl my honw, 1 see a church tower 
%inch I. know ^ he 2 milen dint|fit. I^ooking North 1 we a second 
tower miles away. Draw a plan (scales! mile Xo 1 inch), and find how 
for the towem are apart. • • 

' ■ • • 

Ex. 6. A ship on'leaving^ harbour aailfl 22 milcH South, thAi t^ain 
g2 miles West.’ Repreaent her roume on the scale of 10 milee to I inch, 
and find her dis^noe from tbejiarbour. * 

Ex. 7. In rowing across a river 48 metre* wide, a man waa carried 
16 metre* down Btreom. Represent this oj a plan (s<&tle 20 metres to 
I jnch); henoe find the ^tanced>etween the atarting-poini and landing* 



10 • GEOMETRY. 

• • I 

*{The Points of the Compass.) 





2. Tho lin« of iliroction which hiscctu ilic anjih' liciwccn 
North ami Kast. is i-alh'd Soifh-En.st . and the terms Ndo’th- 
West. Siiiith-Kast, S(mlh*\V»‘st.. have c(MT(*s|)(»ndin}» !m‘anin;TS. 

II. haikine frmu a house, a shi)> is seen in tin- diiection 
North-West, we say that it />ra<.s N.\V.,fr()m fix* hehtdioiiso. 
or that its U-aniKf is N.W. If tlic direction of the shij., as 
sci'n fnnn the lielitdiouse. makes wdh the line pointiii" Nortli 
an anyle of '2o’ on lh»‘ Kast snh‘ of that line*we say tli.at the 
shiiW)eais 20’ Kast ot N'orih, or N 2(K K. « « 

Ex. 8. A niJiii walk-. ’> kiiemeiHN <!ue thou r» kilnTuolioH dne 
NeKli Oiaw a [il.m {'tali- I km fi> I uii ). and limi l)\ iia'aMuonicnt 
hew^ tni ln‘IS fiinii lu^ * taifmLj-p'tinli' ^ * 

Ex. 9. Netllt-W rs^ ni\ kj'udt'n aate is eiatni^o. Iti'Mi viinls 

distant : Nerili-Kasi .if tin' o.ittaL'i' .iinl 2.'s» yiiuls fmm it is a vsolk 
Draw a jilan /sc.ile loo \aols t.i | unV). ^iiul Imd ay ncaiK as \(>u can 
ln»w fur tho well is frein the maiden ^'ntc 

Ex. 10. 'I ’wt) ('\( lists, I'lU'li ndiinr^-l I km. an hnnr, leave a house at 
the sumo time. Om* ^ot's bv a stiaitjit nmd loadinfi S I.. ; tho ether h>i 
a mad leaihiii’S.W. Hew hti qjiatt will tlu’V Ih' iii half an hour ? (Scftlc 
I km. to I cm.) f * 

I « 

Ex. il A man South 4 nicies, then West ti milo.s, then South 
njiam 4 miles. How far is he now fmdi his startirm-ptunt ? (S<‘ale 
*.? miles to I inch) , 

Ex. 12. A ship on leaving port sails N.W. for 18 mile.s, then North 
for I.") miles. Show her eoiy:se on tlio scale of 10 miles to 1 inch. Find 
her approximate distance, and her Ix'a^in^ fropi the port, that i«, how 
jpany degrees West of Nortli. 
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. (3. A boy walks 2<K) yards in a ccrlam din'ction. (bon, tinhin;i 
68° to bis left, h«‘jvvaiks 3(Ht y.irds ; iuiall\ Ih' turns iiS to Ins* nirbt. and 
walks 2,')# yi>x<ja. Show Ins tiack on a )>lan (H>A yards to f nub). and 
explain whv his third (fnection is parallel to hisTi^st* Ibiw fai is he at 
lust from his startine-poiiit , t 

• • # 

Ex.14. Ati'iUelk'i w ishi's to ;#I. due Noitli, but tiads his t\a\ baiKsI 
by a swamp. Me thendoie walk', .'t kilonieties N.K . then ."i kiloiiieln's 
Nortli, thoil .‘>^il*im<ties N W . and now lie linds IniiiseU due Nuith 
of Ins J^taitmi'-poifit How in.un kilometies lia.s be lost b_\ lia\im^ L'oiie 
out of Ins^wav ? (Si -ile I km. to I em ) 

’ ’ * # 

Ex. 16. A .sliore balti'iN, whose eints lia\<‘ an eflei tive lail^'e of 7lMI(» 
vaids (sa\ t miles)f Ines on an (mem\'M ship be«nii_e N \\ fiom the 
iiatte^N iiiul distant 2l mile-- thi tliH tlie ship steams X 1'. 2 miles, 
tlien <hops inmlioi.^liinkinLl herself out <>1 lanj/e. Is sin'? (S<.de I mile 
to ^ inell ) ^ 

3. 'I’lic clneclmn wlin li we call vertical (oi 
is tjijit lakeii b\ ii tlHi-ad from mie eml nf wlneli ii 
wmijtbt band's ftieU at te.sj. Aiiv straiolit line af 
right suigb's to Vertical line is sii<l t4> he horizontal 
(or h^W). » • 

Ex. 16. Mow imin\ Mitnal lines laii p.iss tliiouj.'h a L'i\ei 
Mow matiyrfioy/.oni.il lines ? 



II point 


4. In tin' (jiagrain 'ri'-en helow P reptev. nis sotnr ohjei t 
whose height or di.starji e is to jie fotmd. ai^d O the po.sitmn of 
t he oh.serv4>r's eveso thaf OP is llie ln<r of sutht. that is. Iln- 
direction in whieli the ohji-ct is»e4-n Let ^>A lie the iKHKOiifaJ 
line passing from the olis^irv^rV eye direetly vmlii or orcr tin' 
object P. 



Then the l.^OP is calhsl the angle of elevaUpn, when the 
oWect i.s abot'e the horizontaljine ; an<l*the angle of depression 
wn^n the objt'ct is below the horizontal hue, * 
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Ex. 17., A tower i» <)b«erve'l fnim ft j)oint on tho ground 500 feet 
dixtiint froin itn foot, and th<* iingl** of clovation of til's top ifl buind to 
be ir»“. Wliftt is tjic Ijeight of tlio tower t {Scjlo 1(M) f<n< td I inch.) 

< 

eJ. 18. A vrrtiij^l’polr, IM feet l^eih. ih found to ea.st ft slmdow Ilo feet 
long. nmny (logreis i.s tlie sun ^^l)o\o the horizon ? fSctilodO feet 

to 1 inch.) 

Ex. 19. A hftihion. held cnptivi- hv n lojw 2(K» nietivft It^ng. lifts drifted 
in tho miikI till its ungle nf rlevsilion, av olMorv.-d frftiji tho plncoof nseont, 
is 51”. How high IS tin' balloon abo\e the 'iioiind ? (Scale 2t) metros 
to I cm.) 

< 

Ex. 20. Ki'oin a m^sj^'I's fore-to)>. SO feet above the .sea, a buoy ifl 
observed, ftinl the angle of ili'piession foninl to be H ’ How far is'the 
buo\ from the ^nl|l ? (Seale lIKi feet to I meh ) 

Ex, 21. A triangular held is endoseil by two hedgei and a ditch. 
'I’he hetiges are efteh 'Mids long, and lhe\ make an nngh' of 04'^. 
Draw a j>Ian (sealo .’'tt yards to 1 iiuh), and find the Ijjngth of the ditch. 

* 

Ex. 22. From Dover the heanng iff, Calais is V, !U ’ S.; tfiat of 
Hoiilogne IS K. till' S ; ami the dint,un-es ol thetwuFreneh ports from 
Dovit are re^pei-tively 211 miles and lU miles. How far w Boulogne 
fronwl'alais ? (Seale It) miles to I iin'h ) i ♦ 

Ex. 23. Then' are thtv'e towns A. B. ftnd C. Of thews B w Faat of 
A, and distant il.'i niile.s ; while C i^s North <if A. and ilistant 84 miles. 
A ilinight lailway eobneets B and C. *Mow far as A from the nearest 
point oil this railway ’ (Seale B) niiles to I em.) 

Ex. 24. Friun a eertain piant oiM'ln^groutul I observe the top of a 
spire, and lind the angle of elevation to be 113". 1 advance 80 feet towards 

tile spue, and then lind tlie angle of elevation to bo 47'. flow high is 
the spile ? (Seale 40 ft. to 1 meh ^ ^ 

Ex. 26. A mftn.standingl.") feet avjay from the base of a monument, 
finds tlint the angle of elevation of the sumrfit w 4.')'^; and in marf'ing ^he 
oKservntion lus eye is 5 hn't above the level of the ground. Find the 
height of the nionuiuent. (»Seale S ft'ct fo I inch,) 



'I'l IRO RKTICAL (1 ROM KT ItY. 


■ I'ROi'OsrrioNs. 

OeomeiIiY is iisHully ilividcd into a miiidicr of soparati' dis- 
cuasions, oallod propositions. ,1'roiioBitions am of two kinds, 
Theorems and Problems. 

A Theorem pnnos tho trutli of Muno trooniofrirfal stat^niient. 

. A Problem ]>crfonnf> soino j 2 <*oni( trn al construdion. such as 
to draw soin<‘ particular hue, or to constnut sonu* roipiinsl 
fiffure. 

• Thfc' prclnninarv stateineyt tlrM rihiii}^ tlic iiurp^si' of a )iro- 
})o.sitioii IS tailed the Enunciation. 

* 

'I'he enunctatKiii tif a thtMireiu < tif 1 \m) < Ihuhi'm 'I'Iip first eliMise 

tells us whaf u# ate to a^yviiir. arui n t iillitl the hypothesis , tlie stConil 
tells us what it if n'lmrfd !'> jiruvc. otul i'l <•.tiled the conclusion. 

A Corollary is a statemenl the Irtilh of whidt f'tjl.iwH readily fioin an 
eatablislied pntp'jsition, anj usuallyj/eumres ii't fujther putof. 

The letters q k.d. art* ii|>peTi<le»J to a tinotein, luul ptand foi Quod erat 
Demonstrandum, which was to he proved * 


Notk. The following Hyndtilf* uii<l ahliieviiilmiis an* iisial m llie 
text of this IkmA. 



for therefore, 

* perp /or perjH iulu ular, 



,, la, oi*iire, otjual to, 

^•pjir' ., parallel. 


c 

,, angle, 

p.ir”‘* ,, piiMllelogram, 


rt 

riglit angle, ^ * 

st. hni' ,, siiaight line. 


A 

„ triangle, 

0 „ circle, 


Sf|. 

,, s<juan>, 

0“" ,, cireumferenoc; 

. 


and all obvious coiitinetituis t.f^woids eommonly uwd, such hh ttpp., 
adj., diag., eto.,/or opposite, adjacent, diagonal, etc. 


[For convenience of oral work, and to pi^vent the rather common 
abase of contractions by^boginn^, the a^ive lode of f^gns has been 
^ intrcduced gradually, and at lirst somewhat sparingly.] 
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, CfeOMETUY. 


SK('T10X I. rilKOliKMS 

Sinnr of thr fnlltorni'i Tlicon’ms <in' morlvd jniih tin a.<i(('rlsk. 
Tfi'' frnfh of ilif^r futs alrc(i'!ij hnoi oh'^pn'ation anil 

r.fffrnna’nt ni flif Inlroihaiiioi, nn'ln (l/r foHoivim/ liiiiils, viz.: 

/ r. (hi Ainilvs, V. (hi ihiialli ls, \'11. On (hr Constyiii (ion and 
('oininiviiva of Ti iainfU '- . W’hfdivi foniial itronf.-, tf all (Ik\sv 
T hvorvm^ .should non' hr injuurd. m irhiiliri l,hr ir.snlt.s ohfainrd 
rriH iinirnfallif^^niivi hr arn'iifril ii\ a hosi.s Jor fniflirr Thronhns, 
rniHiinuj full formal jnoof, mn.st /«• Irft (o (hr disnrtion of the 
Irarhn In an if rase if i.s r<.srnlial Ilia! (hr inifnl should Ih^ widl 
ifioanih'd in (hr snhjrrf inaKt'i of (hr Introdnchon, im ahove ;ndh 
rafcd, and hr firrparnl to iioiL out. (hr I'J.cnrisrs atiailird to (he 
marked Tfieorrm.s. ‘ 

( 

On t.INK- \MI \.\(il,ES,' 

*T|IE(IKKM I 

H7»'h (I siriihilit hill' iiii'i'Is luiiilliir sliimihl liiii', the adjacent 
iniifli's ^0 ftiniird iiif loifi'llicr ci{iiid In In'* rujht aiifilcu. 



TWit is, if tho .straif’lit lii\i' CO mWta the straight line AB, 
forming the aiijneent AOC. I'OB." 

then the _ AOC + the ,.003 two right' angles. 

For, a.s we have already seen, irhalm'r he llie ^msitimi of OC, 
the ailjaeeiit J AOC, COB together make np the Mmiijhl nnfile 
AOB ; and the straight angle AOB is ecfaivalent to the sum of 
the two right angles AOO, DOB shown in the figure. 
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LINES ANP AN(;LKS. 

ft • 

’’'Theorem 2. 

If tiV(9 adji^dnf ntufle^i arr ItMfpfher njudl to juo antilcs, 
their exterior arm.^ are io the same straifiht line. 



That is. if tin* adjiK'-nt ^OC, QOB an- tui/rilu-i »‘(]iial lo 
twoTijiht aiijfh'S^tlh-ti tin* ♦■xt- iioi anii> of tlioM' ini^h-.s. naiiu'ly 
OA. OB\ must makf a stmojht <ui>i(p. so that AOB ;s one and tin* 
satm* slrai;ilit hm*. 

('()U<»LL.\RV I W’loii fiotn <t poult 
in H iiirrn shoKjlit hue aiui i>aiiit»i of 
straniht lines arc ilrairn (oi the .same .suh\ 
the .saoi of the ennseeatiye iuojle^ .so fiimeil 
is eqfliil to two raiht aii'ile.'< * 

For a sti.otilif liiiwo \ mu' atnuil O. ■mt! m >im fcsMon i lirotivli 

tin- AOC. COD. DOB, \'ill ii-or lutin d liic .dmialif "j.'ih AOB. 

that IS, tlirnii^:^! til'll uul't anulfs 

COROl.LAKY 2. oiilf namhii oj 

sfran/ht lines meet at a •point, t.he sum of fin; 
eon.serntire amjh's so formeil js eipial to htiir 
rhiht <ini)les. 

For .1 straicht hue n‘\ almut O. ainl tuiiiin;: m Mict ( 

Ihrnut'h tlio AOB. BOC. COD. DOE. EOA. \nll liav.' rnad.- mu 
l•mln)[rte ri-uiliitmii, and tlioirfdif ^uinc<l ttii<iuf:li ('’Ui anyh's. 

#. 

DijUNITKiN^. 

• • (i) *Two angtfs whot**' .^uni is (mo rij'ht antics, art* said to 
(k* supplementary; and vaoli « tailed tin* supplement '^of the 
other. 0 ' 

(ii) Two anules wlios'* sum is one riizht anple are stud to he 
complementary: an<l each i.s called the complement of theother 
('OIIOLLARY. (i) Snpplcmc^il.s of the*s<une om/le arc etpiai 
■ * (ii) ('ompUment.H of the same angU^are equal , 
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I 

O^OMJTRY, 


♦ Thkohem 3. 

If Iwo straight Ikws cm our nuAthcr. the vcrticaUij opfmite finglf^s 
arc cgnnl* ^ 



A D 


Ijot tiu' straij^lit, lines A^, CD rut oni; another at the point 0. 
It is rf’(pnrcii to prorr that 

(i) the ^/KOC-the L DOB. 

(u) the L COB -the .^AOD. 

Proof, Hecause AO meets the stniifilit- litn^CD, 

the a(ljar«mt J AOC. AOD tiieytHer -• two light angle,; 

that is, tile _AOC is tlie supplement of tlie ,iAOD. 

« 

^ Again, heeause DO nu-ets the straight line Ap, 
the adjacent ^'OOB. AOD togi'ther -'two right anzles ; 
that is. the _DOB is the supplement of the iLAOD. 

Tins each of the ^'AOC, DOB is \}fe supplement of the ^lAOD, 
C. the-AOr- the ^DOB. 

Similarly, the _COB -*thV t AOD. 

Q.E.I). 


B-XEIU’ISKS ONtANOLES. 

« 

1. Write down in degrees the ajippleijients of 4fi'. 149*, 83®, 101®; 
also of fourahtriLi of a right ungle./I’jv muth.-^ of a stmiflit angle. 

2. Write doM-n the complements of 27*, 3H\ 41* : also of three-eightha 
of ti right angle. 

3. Two straight linen A^. CD cut at^; if tljc i. AOC is a right ang|e, 
pi-ove that eaoL of the -.'COB, BOO. DOA is a right angle. 



EXERCISES ON L^'ES, AND ANGLES., * 47 

4. ^ Through what angles does the nimuk'-hand a clock tiun in 
(i) 5 mmutea, (i^ 21 minutes, (ni) 4.'!^ niniutes, (iv) 14 mid. 10 sue. ]* 
And how*Ion^^will it take to tuni through (v) (itf. (v^) 222“#? 

6. A (dock is started at noon: tlirougfi wiiaJ,*nni'leH will IhcJuMir- 

hartVl Jjave turned by (i) 3.4o. (u) 10 minutes jmst^O ? And what will 
be the time wlten it lias turned tl^ugh 172^" ? • 

0. Thc.oarVluijiakes a (■otn])lete a'volution about its axis in 24hours. 
Through what angh* wiM it turn m 3 hrs. 20 nnn . and how long wilt it 
take to turn througlJ*130''? ^ 

7. In the diagram of Theorem 3 

(ij If the cAOC 3.')’. write diAvn (without inenHureinent) the \alue 
of each of the BOD, DOA. 

*(]i) ff the _*COB, AOD togetlier make uii 2r)0\Jind eaeh of the 
.L* COA. BOD. 

(lii) If tho l^AOC, COB, BOD together make up 274”, lind eaeh of 
tho4our angle.s at 0- 

5. 'I'lie angle 4orme(l Jiy two sliaiglil lines OA. OB is 7<)®. Write 

dovvi^he number of deiziees m^lhe corresponding ujirr aygle Illustrate 
by a figure. • 

9. From a pomt*0 m a straiglit line BA two lines OC.OD are diawn 
on the sam^ silo (as on p. 4.'), Cor. I). j 

(i) Make a rough sketch when .lAOC 72”. and _DOB -41', and 
write down the number of degioes m the _C0D. 

(ii) Make a rough sketeh w'lien-AOC 3H '.andi.COD .iDOB; and 
write down the value of eacli > % the last angles. * 

19. From a point O tlin*e .strMglit lines oX. OB. OC are drawn 
forming the eons(‘eutive A'JB.^BOC. COA. If tho_AOB lOS , niul 
_BOC - iCOA, make a sketeh and tind the _BOC 

11. Four straight lines OA. 07. OC. OD are drawn in order from a 
4 )oint 0. If thj eonseeutive .-*A03. BOC, COD. DOA eontain rvapee- 
titely I, 2x, Ar, 4jr degn.*e«, find fh^ nunij^KT of degns-s m eaeh angle. 

* *12. ♦A straight line A08 is drawn on jiajicr. which is then foldecl 
about O, so as to make OA f§H aloj^g OB . show that the ereaaa left in 
,tbe paper is {K/rpendicular to AB. 

13. In the triangle ABC the .iB the lC. If the side BC is pro¬ 
duced both w^'s, show' that the exlenor angles so fonne<l are eipnil 

• 14. In the triangle AAC the ../B - the i.C. If A8 and AC are produced 
beyond tho base, show that the exterior angles ho furnit'd are equal. 
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OEOMpTRY 


DkfinITIuN.' The lines which bisect ;in angle anti the 

luljaeent u^igle madu by |)ri«lneing one of its <4rnis a^e called 
the internal and external bisectors of the' given ingle. 

' ' % ■ 8 
'I’lnH 111 tiu* (liiij'ram.OX ami OY uro tho \ 
intnual iiml cxlonial bwocti'in of the an^le ' ,-'y 

AOB , 

, c“*";^o "a 


kxkiumsk:^ on *ANiii.Ks {('Ofitinucd). • 

« 

!5. 1*1.tlial lilt* liist'cf(H-s of tlif ailjiuMMit antilt's wliifh tmo <4trafght 

lim> imikfH wilh ruioflicr foiitam ti iiL'Iit atiiilf 'I'liat la t<> say, the 

intornal and external bisectors of an angle are at right angles to one 
another. 

li> Shi‘\v tli.it tlif aii;;lf8 AOX ami COY iii tin- uhosc arc 

I >>m{i|t'iiu'inai\ , * 

17 Show lhal lh(‘ anulfs BOX aml’^COX aio '»np[)lfim‘iilaiv; ami 
alsi» that llic au;'li‘>< AOY ami BOY ate .sv][i|ilcm(‘Titai_\. 

IS. if tlu' aniih' AOX h timi tlu* .inglo COY. 

I « * 

lit. If fiitin 0. a I’""'' in AB. tH.> stiai;;ht Imos OC,OD aro drawn on 
o)»|iositt‘ sidoa of AB as to inakf llio ari):io COB I'fpial to the angle 
AOD . show that OC ami OD an- in the same stiaiglit line. 

, « • 

‘Jit. 'I’wo .stiaii'lit hm'H AB. CD cioss at O. if OX is the biscettir of 
thf aiitfh' BOD. |tro\4«that XO |>io((lm‘ 0 (l Inscita th.‘ aiinh' AOC. 

21 T\io straight hues AB. CD cftsS .at O If tho angle BOD is 
l'js«‘< te«l by OX. and AOC l*y OY. i>ro\e that OX. OY are m the same 
sliaight line. 

« 

Two straight lines AB, CDicross at 0 Pro\rt '>y the method tf 
rointtoii that the \erliojilly opposite’^* AOC. BOD are equal. 

|Suppnse that the liny COD turns a|>t.ut 0, and that it started from 
the position AOB Then su'oi* CD keeps iti* straight ness as it tifrns. the 
same l•ovom<'nt that ojiens the aj,sn o|)ens the _BOD.; that is, 

these angles are the lesiiU of the same nmoaid o/ (urmtifi, and are there* 
hire equal to one another.] , ' 
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^ I’ARALI.EL'i. 

DefiAtibji. Stnyght lines in the snnfe pjpvne ^hicli have 
Ulv JirertinuH, rolativelv to anv ftiven liV, are said to be 

parcel. , J ’ , 

Such lnu‘H do not nicot howtnoi^ai llioy an* pii>dviccd. for^lioy roiild 
only nu'et it tboy had iliffiniit (payo lit. Art. 1). 

Tli(‘ jHipil has a!r(‘«<ly vorifiod liv oxponin.'iit and oh.'n'rva- 
tion the *1111111 of ihc followini: .■'lalfmcny (soo pp. ' 20 , * 21 ). 



(i) The dmrtions*of two strai;jht lines AB, CD as com- 
pareft with a third .straijzlit^im- EF. whieli eut.'^ them at G and H. 
lire fixed by tile (yrresponJing anylei EGB, EHD. 

(ii) If the,eorres|)ondin (5 angles are equal. AB an<l CD Jiave 
hh‘ (Urectums as coin|iared with EF, and will iien'r iiwcl if 
prothfrcil. 

(iii) Converselv, if CD*n« V4r niet t^ if jtroduei'd. they 
have like (lircctions as eoni])ared \sitli amf line EF that (*utH 
them ; so that the corresponding angles E^B, EHD an* ecpial. 

These .statements we sfiaW now regard us Kelf-«*vid<‘nt, and 
express them in the. following Axioms. 

» 

t 

Axio.ms on Paivm.lels. 

• 1. •When two straiijhi Itnh ore cut hif another slraitjhl live, ij 
a pair of corresponding apgle%nre etival, the (wo straixfkl lines 
•are parallel.*, 

2. When two parallel sfrni<fht lines are cut h>j another straight 
line, the corresponding angl^ so fortned are equal. 


U 



* Theorkm 4. 

• c 

When t^o str(\J(fh^ lines are cut bjf another stfou/hiHine, 

, (i) if the altehmle (kuilcs are cffwil, 
or (ii) if the iiherior nt\/les (h{ the same side arc iorjeOm iqual 
to tu'o riijhl (tmjles : 

then in ciu'h rase the hro s(iau/hf lines are jKiralJd: 



(i) Let tlio two striii^ht li?n‘M AB, CD be cut by the straight 

line EF at Q and H, and let tin* AGH, GHO be equal. 

It is required to proec that AB ami CD are }xiraUeL 

• 

Proof. Because the- l.AGH - the vertically opyo.site Z.EGB, 
undthc.lAGH = the « GHO. hq Injpothesis \ 
thei.EGB the.GHD; 
and tlh'se are eorr'’si)ondeM<i anj^le.s ; 

AB and CD are parallel. .Irfom (i), p. 49. 

* p 

(ii) Lot th'‘ two iiiti'rior -"BGH.^GHD t)o toKothor equal to 

two riglit un"loa. • 

It U ri’<]iiircil lo pinir that AB and CD are fmraV.el. 

•..1. e Oj- .. 

Proof. 

Because the sum of the l’ gBH, OHD = two right angles, 
am),the sum of the adjacent _‘BGtf BGE-two right angles; 
the sum of the ^’BGH, BGE=afie sum of the ..‘BGH, GHD. 
From these equals hike the _ BGH ; 
then the _ EGB = the i. GHD ; 

and since these are corr'esponding angles, AB and CD are parallel. 



til 


FAKAL^Eia. 


• Theorem 5 . ^ 

If a strauihfline.cuts two parallel lines, it tnalies 
(i) the alternate angles equal to^one <^)nther>:^ 

(il) the two interior nniile.i olTthe same side together sequal to 
two right angles. 



Let the straight lines AB, CD be parallel, and let the straight 
line EF cut them^at G and H. 

■ It ipreqiiired to prove that t 

(i) the _ AGH - tfe alternate _GHD ; 

(ii) Ike tqo interior i’BGH, GHD In/ether-two right angle^. 

Proof, (i) Because AB, CD are jiar.allel, and EF cuts them, " 
the z. EQB = the ccyre.sponding _GHD ; .■Ixiom (ii), p. 41). 
but the _ EGB = the verticffliy o|i]iosite l AbH ; ' 

the Z.AGH = the alternate jGHD. * 

(ii) Again, the /. EGB = th*e iGHD ; 

add to each the l BGH ; 

,_ then EGB. BGH toVvthrr = the BGH. GHD. 

But the adjacent l' EGB, BGhT topetlier two rip:ht angles ; 
.the^two interior i.'BJH, taHD together^ two right angles. 

Q.ED. 

• 

Notes, (i) A straight line (such ok EF in the above diagram) drawn 
across a set of given lines is calle<l a transver|al. 

(ii) If AB is a straight (jne, mofcmcnts from A towaixls B. and from 
B't^^rds A are said to in opposite senses of the linef^B. • 
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GEOjilETRY. 


♦ Theorem 6. 



same- 


! stttighl Urn are 


lict tin; straifjlit lines AB, CD be encli imvalli'l to PQ. 

Il is reijiiiml la /irnrc tliiil AB ami CD die paxdld. 

Draw a straiftlit line EF eiitlin)' A'3 CDf and PQ in the 
])Oinbi G, H, and K. 

Proof. Then beeause AB and PQ are parallel, and EF cuts 
tlirtn, * 

the _ EGB t he eorre.sjionding GKQ. 

And becausi^ CD and PQ arp paralliJ, and EF ents them, 

■ the ,.GHD-^tlie corfeaiionding aGKQ. 

‘ the ..EASB-vthe i.GHD ; 
and these are corrcaipAnding angles ; 

AB and CD are parallel. 

Q.E.D. 


Note. If PQ lies between AB ai^i Cp, the Proposition reeds no 
proof^ for it w ineonceivnblc that two straight lines, which do not meet 
nil interniedinte straight line, ahodid naA-t one another. 


Axiom, through a \jiven gxni^ there can always be one (but 
only one) strfighi line jtaraUel to a given straight line. , 
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EXERCISES 0 




PARAU-ELS, 


, EXERCISES ON PARALLELS. ^ 

1. Two straight lln^H AB. CD arc cut h\ a IrauHVorsnl EF at G nnd H 
(as in the figure of Thc(ir. 4); »ho\v that Aaand 00 yill Im* j)arallcl, if 

“ • (i) tlie _EGB the ( 

or if (n) tlio _EGB \ the _FHD- t«o riglit flngle.«. 

2. Tuo prtro/)ff,»AB,CD arc cut hy a traiiMVi'rhiil EF at G and H (as 
m the figure ef 'I'iicor. o) ;*shn« tliat 

/ (t) the* EGA the.FHD; « 
also (ii) the _EGA f tJic -,FHC two nnht angles. 

3. X''*’ pofnilrl.-i AB. CD an* cuP hv a»ttaiisversii! EF at Gaud H 
Of the two interuir »iglen at G an<l H ("ii tin* satno snlc of EF) that at 
G iKtyjiml to 21 tunes that, at H Kind all the angles atjj and H 

4. fit a straight lim* AB two ixnnts P ami X arc taken, and straight 
•line.s PQ. XY an* drawn nuikingihc _ BPQ ciju.d to .H.|ainl the -BXY 

equnl^to 47\ 'I’liroiigli how many <l<‘gre<‘s must XY turn nhout X ui 
order tliat it mav hecoine parallel to PQ ■' Amswit this (i) wImui XY is 
supposed to turn io^'artls PQ ; (u) when XY turns oaoy frow PQ. 

■ .'>. Straight lines which are perpendicular to the same straight line are 
parallel to one another. Why ?• 

(1. If a straight liife meets two or more parallel straight lines, and is 
perpendicular, to one of Uiem, show that it is also perpendicular to al^tbe 
others. * 

7. In the adjoining figure. PQ is given parallel t<. 

AB and tho Z.QPR the ,.BAC: show that PR i" _ 
parallel to AC. • ^ * 

[Let PQ and AC cut at X.) 


8. In the adjoining figure QP, PR are respectively 
.parallel to BA. AC; show that the i_QPR - the .iBAC 
[Produce QP to meet A at X.] • 




*fl.’ Irfthc marginal figiir<*QP, PR are respeetiveK 
parallel to AB, AC; show tha^,the VBAC, QPR are 
supplementary. 

[Produce Rp to^eet AB at XiJ 



10. Two straight rods PA, QB revolve ab<iut pivots a>P and Q. PA 
making 12 complete revol^ions a fiinute, ana QB making 10. Jf they 
stait^rallel and pointing the same way, how long will it ke before they , 
•arc dgain iiarallei, (i) pointing opposi^ ways, (li) pointing the same way T 
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QE(fMETRV. 


, Theokem 7. 

The three a^Us of « triangle are together equal to two right 
angles. y • \ , 



B CD 

Lrt'ABC 1>i' a triangle, 

f 

/t u requi rtf to 'prove that the three i;.'ABC, BCA, CAB together 
~ (wo right angles. 

ProJui'o BC t,o any point D; and 8up|X)so CE to Im* the line 
througli C jnirallel to BA. 

Proof. Ikcttiiso BA an<l CE are parallel and AC meets them, 
the L ACE - the alternate l CAB. 

Again, l)4'cause BA and CE are parallel, and feo meets them, 
tin* L ECD the (corresponding l ABC. 

^ « 

the whole rrir'rior i.ACD = of the two interior opposite 

i.' CAB, ABC. ^ 

To oarh of tlii'sc oqiurfiS add the lBCA ■. 
then the l" BCA, ACD together = the three i.’ BCA, CAB, ABC. 

But the adjacent L' BCA, ACD together = hv- right angle?, 
the BCA, CAE, ABC togetl\er = two right angles. 

" , ioQ.E.D. 

• ^ 

That u to .sag, if A, B, and C <tenote the number of degrees in 
the attgles of a triangle, then • 

A + B + C = 180°. 



THE ANGLES ot 


A TRJAXOLE 
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• Corollaries to Theoheii 7. 

* * • f 

1. If a mle of a tnaiu/k f.v produced ^ke exterior angle so 
forgH'd is eqwtl to the sum of tlu^tuo tiienor ijpixtstte angles. 

* Niinu'ly, the ext. _ the I CAB i tlie lABC. 

Hoiilm* thcyxt. lACD is greater than eitluT of tin* int. opp. 

CAB, ABC. * 

2 . Ifhco trnvnjles have tiiv angles <f tht^one resin'et}islg equal 

to tico angles of the other, then the third angle of the one. is equal to 
the third angle of the other. • , 

3. Keerg triafkfle must hare at least Ueo acute angles. 

4. In anq )ighf-angled tnangle the tnv acute angles are 
together equal to one right angb\ 


• (JffllER lXKKIU;.\('KH. 

1. If one angle of a friungle equal to the sum of the oUier 

two, the triangle upright-angled. • 

2. The *sufn of the angles of any quadrilateral figure is egual to 
four right angles. 

[For in tlie atijtuninj; jienre if two opponitc vcrikoH 
are joined, the sum f»f all t ih«* two iruitiglo.s 

thus formed 4 right angles. An<l al! the angh-s (he 
two tnangJes together make up (lie anglefl or (lie 
quadrilateral.] « 

3. Only one perpendicular can be drawn to a straight line 
from a given jmnt outside it. » 

[If two ))erpondicuiara could be drawn»to AB from 
P, wo ^ould have a triangle in which emh of 
fhe^'f^R, PRQ woqld w a right angle, which is 

imposflibie.] ^ t • 

■ . » , A Q R B* 

4. Prme Theorem 7 by sujrposing a line to be draum through 

the i>eriex parallel to the Ixise. • ' 

[Vor Exerciaea on Theorem 7, boo next page. Easy quiations for orai« 
won! are given on p. 28 of the Intr^uction.j 
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, GEOlutTRY. 


EMRCISES ON THEOREM 7. 

1. Each Huglo of J¥i triangle i*! iMo-thirds of a right angle, 

X • \ . 

2. nngleH (4 a triangle an* niul 123^ irxiieetively : 'deduce 
the third anglo ; and viTify ymr le.sult by Trieasiiiernent. 

X In a trmnj/lo ABC. the „B HI", the _C --42P; 'dednee the .LA, 
and verify by inea.snrt nient. ,. 

4. One Miiie BC a'friani’le ABC h jirodueial to D. If tho exterior 
angle ACD h l!tt', aial llie angh' BAC is 42 ’, liiid each of the reniaining • 
Ulterior angle.s. » • 

T). Ill the figure of TheopMH T, if tlie _ ACD and tlio ..B- 31®, 

tiiul tho _* A aiiif'C ; atnl clieols, your n-sults liy nieasureincnt. 

t*. ABC IS a triangle in uliuh tlie angles at B mid C arc rcs]H'etivcly 
tloubh' and treble of tlie angh' at A • find the miiiiher of degiees in each 
of these angles. * 

7. Expri'ss in th giei's tlie angles of an isyaeeles triangle in which 

(i) Each base angle H double of tlie veitieal angle ; v 

(ii) Kaeh bxse angle is four tunes the Vertical angle. 

* f 

ft. Tho base of a liiangie is jirodueed both uava. and the exterior 
»iiigl?ia are fouiel to be ti4' am! iL’lV'; deiluee the \ertita!’angle. Con* 
atniet sneh a triangle, and cheek \our rc'sult by measurement. 

!i. The sum of tin* 'inude.s at the hnse of ft triangle ia 102'', and their 
ddleronee is tilt ’; lind ail the aught.. ^ * 

10. If trny aide U a triangle^is produced both ways, the exterior 
angles so formed are together greater than two right angles. 

11. The angles at the hitso of ll^riftngIe are and 62®; deduce 
fi) tho verfu'ftl angle, (n) tho angle between the bisectors of the base 
angles. Cheek your results by isuislruetion and measurement. 

12. In a triangle ABC. the ang*l«a at B and C are 'ft'’ and 02°; if AB 

and AC are produeod, deduce the angle between the bisectors of the 
oxlcnor angles. Cheek your result grt.phicnlly. ^ 

13. * Throe angles of a quadriln’eral pre resj>eetively 114|°, 50°, and 

, 7r>l°; find tho fourth anglo. ^ ’ 

14. In a quadrilateral ABCD, tho angles at B. C, and D arc respec¬ 
tively t'qufti to 2A. 3A, and 4A; find ail the angles. 

lo. If two straight lines axe perpendicular^ to two other straight lines, 

. each to each,<the acute angle between the first pair is equal to ue athite 
angle between the second pair. , ' , 
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Definition, A polygon is a jilano fipurc hiluidcd by more 
than four sidpsf It is said to be regular wJumi / has all its aides 
equal and its angles equal. • ^ ^ 

* * Tiy^AtKM 

The sum of the in(eri<yr aiujlrs of uu>f }ioh/(fou, tmjvther with 
four rujhf angles, is r^ual to ticicc us nuunj right angles as the 
figure has sides. ; • 

* D 

E 


A B 

Let ABODE Im* a polygon of u sidea. 

It is required ^0 proae (hat 

^ the sum of the intrr^hr angles » 1 rt. rt. J. 

Take any poiift O witlun tlie figure, and join 0 to each of 
its vertic<^. 

Then the figure is divided intii n triangles. 

And the three of <‘aeh together 2 it. l". 

Henee all the JT of all tjie . ' together- 2i( rt. 

But all the l* of all the . ’’ make ii]) all the interior angles 
of the figure together with tln^aiigles at cJ. wlmli- 4 rt. l\ 
all the int. l" ot*tlA* figure 4 4 rt. - 2n rt l*. 

Hence the sum of the int. (2n-4) right angles. 

• Q.E.D. 

• , » 

•If D denotes the numlnT of (^e^r^•efl in eaeli aiij^le of a nijulor jiolygon 
of n sides, the above result in^v b<* stated thus : 

• ?iD ' - n. 18U‘’. 

• • 

^:XAMPLE. 

Find the number of degroos in each angle of 

fi) a regular hexagonsides); * 
regular octagon (8 sides); 

(iii) a regular decagon (10 sides). • 
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Corollary to Theorem 8. 


' If the s(:leiAf <(• ’pohifim, which han no rejl^r a'ngle, are 
nrodiu-ed in oriur^^heii nil the exterior ainiles so formed are 


priidnced in oricer^^heti nil the 
tinjetlier equal to rujhtiangks. 



1st Proof. Suppose', as boforc, th.it tbo fi*uro has n sides; 
and ('ouseeiuetk'ly n vertices. 

Now at enrh vertex, 

tlie iiiteiiiir L-i llie I'Xterior i. = 2 rt,. 
and tliere are n vertices, 

t.lie sum of till lilt. _' + tlie .sum of,,tlie est. _' = 2)i rt. L’. 
But liy Theorem .H, , , 

the sum of till'int. _■+ <4 rt L' -2iirt. 

the .sum of I he ext. - 4 rti L'. 

. . ., Q.E.D. 

2nd Proof. 




Take any point 0, and aupiiose'6n,,Oh. Oc, Orf, and (?s, are 
lines farallel to the shies marjied, A, B, C, D, E (and drawn 
from 0 in the sense in which those sides were prodiiied). 

Then the exterior L between the cides A and B =■ the LaOh. 
And the other exterior _* = the hOc, cOrf, dOe, eOa, 
respectively. ' , 

the sum of the ext. l' =4he sun. of the a’ at 0 
* =4rt. i.'. 



ANGLES o| A POLYGON. 
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EXERCISES ON THEOREM 8.J 

1. Four tftigles'of an irregular pentagon (5«nlcJ)^are*^°, 78°, 122°, 

and 135°; find the fifth angle. J * 

2. * In any regvlar polygon of«M Hide* each affglo contain# - 

right anglcM. "■ 

(i) Deduce th^s result from the Enunemdou of Thooroin 8. 

(ii) Prove it indejjcftdently by joining tuu* vortex A to each of the 

others (except thckiwo immediately ailjucent to A), thus dividing the 
polygon into n - 2 triangles. • 

3. How manv sides have thctfcgnlar polvgoiw oaeJi of uhose angle# 
•3 (f) 108', (ii) iritr ? 

*4. Show that the only K^r/hir figures uluch nia^he tilted together 
so as t<i form a plane surface aa* (i) equilnirial tiiaiigUn, (n) »i/iMres, 
(ill) rffjvlar heragofis. 

S. If one side of a regular hexagon is prodiieed. show that the exterior 
angle w equal to the lulcrior angle of an cijuilateial triangle. 

• • 

0.^Express in degrees the magnitude of eneli rrlenor angle of (i) a 
regular octagon, (ii) a regular decagon. 

7. How manv ^ide« lias a regular polygon if each exterior angle ia 

(i) 30°. (iiV24’ t' ^ 

8. If a straight line merds two parallel straight lines, and the tw<^ 

Interior angles on the same snle aie bisected, show that tlie hi»ectorn 
meet at right angles. » ^ 

n. If the base of any tnangle is produced both ways, show that the 
aum of the two exterior angles miMuJt the vertioftl angle is equal to two 
right angles. • ^ 

10. In the triangle ABC the base anglejj at B ami C arc bisected by 
BO and CO reajwctivelv. ShowRhat the angle BOC {8j° f 

11. In the triangle ABC, the sides AC are produced, and the 
extenor angles are bisected 'Ijy BO and CO. Show that the angle 

Mctoo*-*. * • 

12. The ani^le contained bv the bisectors of two adjacent angleo^of 
a quadrilateral ia equal to half the sum of the reniaiiiing angles. 
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, OEOMFTRY. 

Tkianoles. Congruence, i ^ 

N.H. Pnr (i'irjijrUion of Cnngriienre, aiici'an Informal ex- 
jiluimtion of Theomits 9, ^), and 13, see introduction, pp, 30-36. 

# » •’t 

* Theorem 0. 

If (wd trianfflei^ have two sides <f mie eq/ifdjo two sides of the 
nlhef\ eaek to each, avii (he. angles included In/thoae .w/r^ equal, 
then the (naviilvs (tre aniqrnntf 



In lln‘ two VABC, DEF, let AB-DE, and 'aC-DF, and let 
the ir.v’hided lA- the included _ D. ■ ' 

* ll Hi irquiml to provi that the . i'ABC. DEF arc congruent. 

Proof. A)>|ily the a ABC to tt.e ^'DEF, so that the point A 
falls on the point 0^. and the side AB along the side DE. 

Then because AB«-DE, 
the j)oint 8 falls on the point E. 

And because AB falls along DE, and the LA = the lD, 

AC niuat fall along DF 
And because A^ = DF, 

^ /. the point C falls on th^ }X)int F. 

-Thus the points A, B, C fall on the jwints D,iE, F; 
that is. the A* ABC. DEF are congruent. 

Q.H.D. 

U follows th^t BC~EF. the L.E/and the -C^the A.F; 

also that the triangles are equal in area. ' 
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* Theorem 10 . 

* • * * \i ^ ^ 

If two trhnfjUs hmt two angles of oiw eqml to two angles 

of the other, each to each, and anj/ tde ojl the firnt eptal to the 
cotrasponding s^ide of the othej* the amfruent. 



In the A-ABC. DEF, l.‘t the lA-- Itn* l.D . thr.iB ^thc ^E, 
also th(‘ si<k' BC = llif corresitOHduof sjck EF. 

ft is required to prore that the /.’'ABC, DEF arc conqraeut. 

• . 

PrM)f. Since tlu! ^A-tiio iiD. and tiu* tlic^E. 

^ t Re C — tlu‘i. F. Thco!. 1, ('or.'I. 

Apply .'.ABC to the / .DEF, so that tin* point B faMs on 
tke point E, and BC along tin* equal sid<- EF ; 

then C must fall on F. 

And hecau.-lL- tli<' _ B -- the I E, 

BA must f*li along ED* 

And because*the lC - the _F, 

/. CA must fall along FD. 

• 

. the point A, which falls both on ED and on FD. must coin- 

* cide with D, the i>oint in whicKthe.se lines intersect. 

• 'Phus the points AnB, C fall on the points D, E. F: 

tljat is, the A'ABC, OEF are eongnirnt, 

j Q.E.D. ' 

$ 

It follows that AB = DE, and AC”DF; also that the triangles aie 
equal in area. * 
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^ OEOMBlrKY. 


Exaicisps ON THEOREMS 9 AND 1/). 

1. AB is a givdo stiuiRlit lino and 0 its middle poirA. OC is the 
ppqwndiuular to AB at’O. an<^ w any ponit in OC. Join PA, PB; and 
prove that the trianA'o» POA.l’OB ve congruent; hence that PA=jPB. 

2. ABC IS an isoHcoJes triangle. If (ho lino which bisoctH the vertical 

angle A meets the base BC at D, prove that the triangles BAD, CAD are 
congruent. Hence show that • 

(i) BD CD ; (h) AD is iierfiendiouhr to BC- 

» 

J. Assuming that tiio four snlcs of a square ABCD are equal, and 
that its angli's are all right angles, prove that, if AC, BD arc joined, 
the A* ADC, BCD are congruc.it. and hence that AC--BO. 

4. ABCD is a square, and L, M, ami N are the inHidle points of AB, 
BC. and CD : pr^vo that 

(i) LM MN. (lilAM iDM. 

(iti) AN AM (iv)BN- DM. 

[ Draw a separate figure in each case. | 

T). ABC is a triangle right-angled at B. i^roduee CB to 0 the 
other ai«le of AB), and make BD BC. ’-^oin AD ; and prove tnat the 
A*ABD, ABC are congruent; and hence that 

(1) AD AC; (11)-DAB-i-CAB. 

6 . 

f 0. ABC 18 an isosceles triangle From the equal sides AB, AC two 
equal parts AX. AY ari' cut olf, and BY and CX arc joined. Prove that 
the A* XAC, YAB ui-e congruent; and hence that 

0)8'^ CX: (M-,A8Y'3.lACX. 

7. From the ends.if n straight fine AB two per|>en(hculars AP, BQ 
are drawn to AB on opposite sides :* and AP, BQ are made equal. Join 
PQ cutting AB at 0. Prove that the O."A0P, BOQ, are congruent. 
Hence .show thatO w the iiiiildle point both of AB and PQ, 

8. LetO be any point on the bisector of the angle BAC. and from 0 
Bupposo jierpendioulars OP. OQ d^awn to AB, AC- ,Prove that the 
A*OPA, OQA are congruent; henee'that any point on the bisector of ah 
angle is equidistant from the sums of the.angle. 

ft. Tl.mugh 0. the middle jsiint of a sttaight bne AB. any Airaight 
line is drawn, and perpendiculars A;' and BY are drawn to it from A and 
B; ahow that AX ^ BY ; and that X Y w also bisectAid a^O. 

10. PQR is an iaosccles triangle of which P is the vertex. If from 
Q and R, the extremities of the base. QM and RN are drawn perpendicular 
to the equal sides PR. PQ. pnwe that the A* MPQ. NPR are congruent; 
hence that (i) QM -RN. (ii) PM =PN deduceJlIR --=NQ. 

^ Uonce show that the A'RMQ. QNR are congruent. » 
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•EXERCISES OX CONGRUENT TRIAXQLEa 

• 

11. "The trianulp ABC is suoh that the line AD, Jhith biwcts tho 

angle at A, ia aLse Mr[K'ii<licular to the base BC. I’riit/ that tho I rianitla 
ABC 18 ia^icelga. * l/ ^ 

12. II in a triangle tho lioriionilicular (|:,iwn*A'iim a vertex to the 
oiijioaitc ante biaoets that aiile, show^hat t* trmitgl^ la laoaeeloa. 

III. LMN is an laoai elea trmng|g,*an(l Q air the micidh*points ol 
the etpial aidea LM, LN. If PN, QM an- joined, ahmv that the triangles 
PLN, (JLM lire eon|rnent ; honec that M(J NP, and t.LPN ILQM. 

Dediiec i-MPN - t.NQM ; and lienee show that the triangles MPN, 
NQM arc wmgruent. « * ^ 

14. Two Ktrai;£h( linos AB and DC (tors one* nmtthor of 0 in surli a 
way that 0 h tho middle point of enjjfi. If AC and BD me joined, prove 
that Uie A^AOC, BOD art* conynicnt ; h*th! heiui' that AC BD. 

Iri the^oongiuont^nanj'h'.s pi<k out two equal itJlenntk aisles, and 
prove that AC. BD are parallel. • * 

^ ir> Two men A and B part eompany at a jilace O. A traxels Kant 
then North ; B travels North then Kasf. Enrh man poes as far Norlli 
a« the other poea East. ^Ijow this by means of a lipiiie, and prove that 
they finish at equal distamies from O. 

Id. ABCD m a squareT In AB, BC. CD. DA iioml.s X, Y. Z, V arc 
'sotakeFthat AX-'BY-.-CZ [JV ; and XY. YZ. 2V. VX are joined. 

J’rove that the four A* AXV, B YX, CZ Y. DV2 are eimpi uent. Ilenco 
show that the fipiire XYZV i.s eqinl.ateral; and (h\ means of Theor. 7) 
that each of ita anples w a npht anple. • 

(Assume that tho .side.s of a Hqiiaix* are all equal, and its anples all ripht 
angles.] 

17. From tho ends of a HiraiL'hl AB nni twojiarallel lines AX, BY 

arc draw'n on opposite sides of %B, .'*nd AX ami BY are made equal, 
•loin XY. Piek out two equal nlteriiute anples, and fuove that tho 
A"APX, BPY are congruent. Hcnee show that AB, XY hise<t one 
another. * , 

18. On the base AB and on fjpposjte sides oT ii two / *PAB, QBA 
•ore drawn so that the at A and B jn the / PAB aiv resjsTtively equal 
to the .1* at B and^ m the QBA. *t^ll this Eig I. 

these triangles be made to coincide by folding about AB ? Aro 
they congruent T * • ' 

• Draw the figure that would res'dt if the A QBA were folded*about 
AB till it came inti) the'plane of the PAB. Call this Fig- 2. • 

jKiin PCi in eacli figure, and prove that , 

(i) the A* PACf, QBP arc eongnient in h<jth figures; 

(ii) PQ bisects AB in Fig. 1 : (in) PQ is parallel tf» AB in Fig. 2. 

19. The straight line joining the niiddle*point of the hypotenuse 
of a right-angled triangle^ to the*right angle is equal,to half the 
hyi^nuse. 
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IROlltE' 


OROtETRY. 


^ Theorem 11. , 

^ ’ Vl ' ■ ' 

If two sideJi of ^ triangle are cijaal, the angled opposite those 
sides are egual. . i 

' • A 



B D c 

< 

Ti(*t ABC bt*'u truin<'l(‘, in winch tlic side A8 = tlu‘ side AC. 


It is irgaiinl h prore that the .B tlir ^C. 

Suppose tiuit AD is the line which bisects the - BAG, and 
let it meet BC in D. ■ ■ ' 

1st Proof. Then ill the '."BAD* CAD. 

I BA-CA, ’• 

betftuse AD is common to both trian^des. . 

(and the included _BAD ■ the included ^CAD ; 

the triiin{»les are congruent; Theor. 9. 
so that thV .iP-^the .iC. 

, . Q.E.T). 


2nd Proof. Suppose the ABC' to be folded about AD. 

Then since the l BAD ^ the l CAD, 

AB nurt, fall along AC. * 

Aftd since AB=^AC. 

/. B must fall on C, and eon^quently DB on Di). ■ 

the i.B will coincide with the lC, and is'therefore equal 
to it. 

Q.E.O. 

Ohs. This Theorem is aometjmc.s enunciated as follows: 
The angles at the base of an isosceles triangle are egual. ^ 




ISOSCELES TpIANOLES 155 


Theorem 12. . 

If of a Iriamjk are equal, then'Oieifde^which 

opposite to those aisles are equal. - * - 

A* 

A 

B Ck C , 

Let ABC be a tnan^le in whn h tiie ,_C. 

It is refjuifed to prove thut (he side AC -- the suh' AB. 

* Suppose that AD is the liru* whieii bisects tlie _ BAC, and let 
it meet BC in 0. 

Proof. , Theinn tlie /; BAD. CAD, 

mi t‘he_3-the^C. 

because-J and the i_BAD - the ^CAD. 

( and Af) is eonnnon to both tininjilc.s, 

• the triangles are (on^nu'nt , 77/eorTlO. 

so that AC - AB. 0 k i». 

Note. If mc intorcharifn^the hyiwIteHi*! iunl com Iukihii df a tlieonin, 
we enunciate a new theorem wlniiii *4^t!e»l »Jie converse of (lie tiist. 

Thus in Theorem 11 ^ 

we aMutfie that AB • AC. ami tliat the Z. J^BC the _ ACB. 

And in Theorem 12 « 

wo a*9utne that the _ABC tife _ACB, ami j/rorr that AB AC. 

Hence Theorem 12 is the lonvcrw' of 'I'heorem II, for l/ie hypotheitrn of 
'each t« the ronclmion of the other. ^ 

Tiefinition." a figure is .sa^ to bo symmetrical about a 
line when, on being folded altout that line, the [lurts of tlie 
figure (Jh each side of it «n bo brought into ooinoidonce* 

The straight, line is called an tans of symmetry. * 

That this may ^ possible, it is clear that the two jiarts of the figure * 
must have the same size and shafie, and mu.st L’ similarl}' placed Mith 
regard to the axis. • 

Theorem 11 proves that an isosceles*triangle is symmetrical 
abend the bisector of its ^rticaY angle. 

> Sk.O. Ft 
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• • 

UBO^ETRY. 


EJEHCIRES ON THEOREMS 11 AND 12. 

' *1. Shov^ha^it th(' RideH of ii triauKle arc all equal, 'to angles are all 
equal. • * * 

2. If till' atiKl»\ tif a triViylo Ai'o e<iual, its airlrs are equal.; 

• 1 * ' 

II. ABCD w a ffiur 'tuled limire whose sides are all equal, and the 
diivKounl BD i.s drawn : show that 


(I) _ABD -ADB; (n) -CBD -CDB; (uO ^ ABC - ADC. 

4. If Ifif of an is^)si-i-l(‘s tnaiijili- is produced both ways, show that 
the c.xlenor anjiles ho foinicd arc (Mjual, and <ihiuso. 

I 

5. If the ft/iuil Mid<i tif an imisim-Ivs tM.inulc atv produced bcyoiKl the 
base, show thal^lho cNtfUior nn;'l(“s sti fornictl are e<iuul, and obtuse. 


0. ABC. DBC an* two imosccIcs tiian^'lcs ilriuvn on ojipi'sjte sides of 
the .same has*' BC : ]novc (by nicans of 'rheorenj 11) that L. ABD -.L ACD. 


7. ABC. DBC arc two HoH.rlt's fnanclcs diawn on the same side of 
the same base BC : cinplo\ 'riicoicin 11 to prove that -.ABD •• Z. ACD. 

8 AB. AC arc the equal siili-s of ati ihohccIch triantile ABC ; and 
L, M. N ar«' tlu' middle points of AB. BC. and C^ resjMictively : then 
^ (i) LM NM; (ii) BN CL: (ni) _ALM _ANM. 

9. IVovc that any straitht line drawn paiallel to the base tif an 
i«o8A-elcs liiini^io mnhea equal anrtlcs with the sulcs. 

10. If fioTu any ]K>int m the l^sec'uir of ai\ angle a straight line is 
drawn paiaMcl to cillier arm of tl^ angle, show that the triangle thus 

foimed IH iHosceltfs ' ^ 


11. From X, a point in the biuse'SC of an i8<»scc1p« tnangle ABC, a 
atraighi line is drawn at right angles to the haw*, cutting AB in Y, and 
CA p'oduced in Z : show the tnangle AYZ is isoaceles. 

t . i 

12. H the straight line winch biscets an exterior angle of-a triarigle 
is larralh'l to the opposite safe, show t^l the tnangle is isusceles. 

i;t ^ A is the vertex of an isosceles triangle ABC, and BA is produced 
to D, so that AD a equal to BA ; if DC is drawn, show that BCD i« a 
it^ht angle. 

14. AB and CO are two straitdit lines intersecting at D, and the 
adjacent angle.* so fonnerl are bisected : if through any point X in DC a 
straight line YXZ is drawh jmrallel to AB aq^ meeting the bisectors in 
Y and Z, show that XY is equal to aZ. 
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CONGRUENT ITBIANd I,ES. 


♦Theorem 13. / 

If i\Bo trii%fUs^hn\'e ihe three sides of otu’ ei/kfalio the three 
sides of the other, each to each, the fnapjlcs ({re eomfnirnf. 

\ -..v' K- 

B • C E\ , ' 


In tho trian^l*''^ ABC. DEF, l(^t AB • DE, AC OT, lyai BC - EF. 


It is required to j)r(ur that (he tnaiufles (tre ri>u(/ru( nt. 

Proof. A]>])ly tin* /.ABC to llie A DEF, so Hint B falls on 
E. and BC alon^»EF. ayd so that A is on tho side of EF o])|)o.site 
to D. •[See Note Ix'low.] , 

Then iHrauso 5C-EF. C imisl fall on F. 

Let GEF he the new position of the '.ABC. 

• Join DO. • 

Because ED-EG, the »EDG-the .. EGD. Theor. 11. * 
Again, because FD^FG, the „ FDG - the _ FGD. 

Hence the wholeEOF -^the whole „EGF, 
that is, the l. EtiF Hie l 
Then ,JBAC. EOF; 

f BA = ED, 

because- AC^-^DF, 

•. (and 4he included l BA® = the incli/ded l EOF ; 

the triangles are ^'ongnient. q.e.T). 

Hen^ the aynttponddwj are <‘qual; namely, ^[.0 -lF, aB = *.E, 
and A A - A D also the trmnv'los ar'seqnn! in area. • 

• Note. The gftnt^nt side of the /, ABC w chosen for miperjiosition sv 
that OQ falls vmhin the EOF, EOF. 


*** At this slmje Problems 1 to 5, pp. 96'102, should Ije ^corked 
^ out in fuUj the prgofs, thqgre given Snly in outline, affording 
■ 0 useful &rerci«e.9 in Congruent Triangles. 
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OEOKETRY. 


exerVises on congruence of triangles. 

^ V ' 

1. Two A" ArB, AQB He on opfjosito sides ttt the common base AB, 
iiml «ri' smh Umt AP AQluid BP -BQ. Provo the triangles are 
congiuent. Ilcncfr.show thA «■ 

(P; _P iQ ; (i* AB hlatctfl each ofPAQ, PBQ. 

2. ABC iH an iaosccic'* triangle \vlio*((* vortex h A, pndO i'* tlie nnddle 

point of file hiiHc BC. -hnn AO ; and prove tl' it the A* AOB, AOC are 
congruent. Hence show tlmt ; 

(i) AO ViseriH the veitical angle BAC : 

(ii) AO M jieriR'iiilieular to BC. 

2. If ABCD i^ a rhonihii'i, that h, an ecpulatert,! four-sided figure; 
and if tlu' dmg<inal AC is dia\ui, pnne that the ABC. ADC are con¬ 
gruent. |'riigor.*i;i. 1 licnci'show that 

(i) AC insects ea« li of t lu' BAD, BCD ; 

(n) the four _* BAC, DAC. BCA, DCA are equal. [Thcor. 11.] 

Pick out a pair of equal allniKtO' angles, and prove that AB and DC 
are parallel ^ 

4 If ill a quadrilulerni ABCD tli<‘ cpiiosito sides are e<iual, uanudy ' 
AB CD atul AD CB . prose that the _ADC the_ABC. 

5. If ABC and DBC are two iso^eele.s triangles drawn on the .same 
baw’JC. prose (hv means of ThooitMii Pt) that the w ABD ? tho 1. ACD, 
taking (i) tlie cas»' sshere tlie tiiangles lue on the .same side of BC, (ii) tlic 
east' when* they an* on opjuMite sides of BC. 

(1. If ABC. DBC aie two isoseek s tj^ianglbs drawn on opposite sides 
of the same base BC. ami if AD be joined, jiros’e that each of the angles 
BAC. BDC «dl he b»eefcd. , 

7 If two given points in the bass, of an isosceles triangle arc equi¬ 
distant fnnu the extremities of the base : shosv that they arc also 
equidistant from the s'eitex. 

S. Shosv that the fiiangic f«)rmo 1 by joining the mid-''le points of tk' 
sides of an equilateral triangle is als^ equilateral. 

1 ). ABC i.s an isow'eles triangle liaVing AB equal to AC ; ?nd the 
angles,af B and C are bisected by BO and CD i ^oss- that 
(i) BO CO : (u)*^AO bisects tht* C.BAC. 

* I 

10. Shosv that the diagonals of a rhombus (that is, an equilateral 
four-sided figure) bisect one another at right angles. 

U. The equal sides BA. CA of an isosceles triangle BAC are pro¬ 
duct beyond (be vertex A to the poufts E ami F, so that AE = AF ; and 
FB, EC are joined: show that FB -- EC. '• 
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12. ABC >8 an isoscelea triun^rlc, aiul in tho ba«e BC prothuTil X 
and Y are so takfii that BX CY. J"in AX, 

AY and ^ova^hat. 

(i) tho A* ABX. ACY are congruent ; y * 

{id the l.AXY is isosceles. ^ / • , 

Now‘prove m three diiferent \\av«*(naniet, by ^ 

Theorems 9, 10, 13) that tlio A" ACX. AEk' are X 
congruent. 



13 AB 19 the (liijiiH'ti'r of a < uele whose* centre 
19 0. Ffom <-entiv A with mu nnims the#«ii'- 
cumferenee is cut (as in the Hgtirej at C and D. 
Join OC, 00. AC. AD , and pro^»* tliat 
(ilMic /."AOC./OD me congniciit ; 
(M)the^BOC lhc_BOD; 

(ill) if CD IS joiihhI ciitung AB at X, then the 
OXC, OXD aie congruent , 

(iv^ thc^BOC -twice the _BAC. [Theor. 7.] 



11, In the adj'^mng tiguie it is given that 
.OP OQ. andOA OB. Join AQ. PB, cutting 
at X ; .Ttnl prove that 

fi) the AOQ. ^OP are eongnient ; 

(u) tho AaAXP, BXQ are congruent. 

Join AB ;*and picue i/i tArec ieo.v« that the 
/AABQ., bap arc congruent. 



IT). In the two qiiadrilaV'tals ABCD, 
PQRS it is given that tl» tom 
sales of one arc ctjual to the four 
Sides of the other, taken in ordt%-. 
namely AB --PQ, BC - QR, ♦to., ainl 
that the diagonal BD - tlic diag< uiai QS 
Prove that 




(i) the A* DAB, SPQ are congr^'nt; 

•(ii) the. zt.* Bt?0, QRS are congn;t*li(. [Thcor. 1.3 } 


10. In the adjoining figure A»ia given that 
AP'-^Bt^, and AQ- BP; •id PQ, w joined, 
Prove that , • 

• (i) the A.* PA^, QBA are eongnient; 

(ii) tho /f!.*PAQ, QBP are eoftgruent. 

If AQ, and BP intersect at 0. show that the 
A* AOP, BOU are congruent ; and hcncc t^at 
th% .A' OAB, OPQ) are wotceles. • 

^)ve also that PQ is parallel to AB. 




EXERCISES ,0N CONGRUENCE OF TRIANGLES {continued), 

s I , n j 

'i7. 0 w iiy-'lldlt* point of a fttraight line AB whieh c»^i; two parallels 
LM, X Y at A ana B anti ^om 0 jH^rpendicutars OP. Ou are drawn to 
LM ainl XY. Show that Ihl A* AOP, BOQ arc congruent; hence that 
0 is c(iuMhstant frtVn the jwtillols.* 

If AQ ahd BP aiv joined, <ln>w thahthe A* AOQ, BOP un^ congruent. 

18. A straiglit line drawn hctwwn two paraileln pnd terminated by 
them, iH hi-Ha-ted ; show tlial any other stray^ht line passing through 
the middle point and terminated by the purallels, is,also bisected at that 
point. t 

li). If thnnigh a pond e(|uidiRti^nt from two jiarallel straight lines, 
two straight lines an* drawn'eutling the parallels, the portions of the 
latter thus inlerce])ted are ecpial. 

2tb In a <i;n;v(fiilaleral, ABCD, if AB AD. ami BC DC: show that 
the diagonal AC bisccls caeli of llie an!,{lcs whuh it joins ; and that AC 
w pcrjiendieular to BD. 

21. If the hisiador of the vortieal angle A of a triangle ABC also 

bisects the base, the mangle is isoseele.s. , • 

ll/'t AE. the iiiHeidor of ^ A, biaeef the base of E. Produce to D, 
mahing ED equal to AE- .loin DC ] e 

22. On the sides AB. BC of any ABC cquil4tera! .''.■PAB, QBC 
arc i^^awn ontsidi* lie* \ ABC- Show tliat the .LPSC^the .lABQ. 
Hence luovc tluit the PBC. ABQ arc eongnient. 

2:i. In a ABC. m which the _B is aeute, BP is draw’n jwrpendiciilar 
and equal t<» AB ; and BQ w clrjuvn |K‘rj>cndicular and equal to BC, 
both perpendiculais BP, BQ being ib»,vn outwards from the triangle. 
,lom PC and AQ. an^[ prove that PC AQ. 

24. I wish to asceitain tlu* distance ,between two objects A and B ; 
but an obstacle intervenes jueventmV direct meaeuroment. Having a 
eham for measuring lengths (but no instrument for niea.suring angles), 
1 tix a mark at some jaunt 0 from which both A and B are visible ami 
aecessiblc : and I tnoa‘-uteOA,OB.„ Slow must T now j^oceed, by moans 
of congruent triangles, to timl the UKtance between A and B ? 

2.'>. A surveyor wishes to ascertain\Jie breadth of a river which he 
cannot oross. Standing «t a point A near the bazjk, he notes an Object B 
immediately opposite on the other tank. He lajn down f line AC of any 
^ngth at nght angles to AB, fixing a mark at O the middle point of AC. 
mm C he walks ^ong a line pe^ndicufar to AC until \ie reaches a point 
D which O and B are seen in the same direction. He now measures 
CD : prove Uift the result gives him the width of the river. 
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What ia knoijn as tlio Ambiguous Case in .the oongriioncc 
ot trianjticsiiomctinn's arises wlien two sidbs n'y/ oiie angle**')! 
one are equal respccttviiij to two sid^ (ohfc orfe angle of the 
othi'l'. the given angles being iil'i'yan'E io eqiml siJes. 

This may be ex[)laine(i as [pllow s : | • 



havwig DE equal in AB (nr e). DF equal to AC (nr b). and _E 
equal to_B. It will a|>|iear that in tinseoii'lria tinn anibigiiity 
arises if b is less^lian it 

« • 

For tnko u hiu* EX of ^lulciiiiitc li'Jiirth, and at E (with 
protract-or) inako^la* lXEY (‘(pial to tin* 

From E^ cut ofT ED r(piul to BA (or r). • 

With centre D and radius b draw an arc cutting/ EX at F , 
and F'. 

Then if h is less tbaar, the j^oints F. F' will he on the same 
side of E; so that, l>v joinilfo D to «';u h of (hem, ve liaM* the 
(u'o DEF and OEF' liotli saus4ynie the re^uir<-d londitioiis, 
but not alike in size and sl^ipe. ^ 

Hence we conclude, that if in two 'ABC, DEF the two sides 
■ DE, DF=:the two sides AB, AC, also the ,LE -the .iB, the 
tjiangles may* or may not, be ^'otiynumt .'for the sliorter of 
thl-siderf in the second' tnanjjle may ly in either of the positions 
OF or DF'. •• 

• # * 

Note 1. It iiseful to reincmh<*i*that nmhiguitij wct-cr arao'^nlr.sH 
thd shorter of Ike jifen sides is oppff'tite the (jivtn nnijle. ^ 

Note 2. From these data it^nay be nhown that the ariKles opjKiHito 
to the equal «idp« AB, OE arc either pqunl (as for instance the ACB, 
OF'E) or suppiemetiiary (as the _* ACB, DF^ ; and that in llic former 
CAse the triangles are con^yuent. ^ 

I^the given angles at B and E arc right angles, the tinbiguity dja-t 
• ap^are. This exception is jirovedain the following Theorem. 
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} 

• (JEOMETRY. 


Theorem 14. , 

< 

If two trin)ii]les *have A'o sides of one equal to two sides of the 
other, each to eaeli, "^and imhe (Wfiies opposite to one ■jmir of equal 
sides arr* right angles, ine triahfjles are coufiruent. 



Li't ABC; DEF hr t\\o triangles in which AB DE, ami AC-^ DF, 
ami tin* JABC, DEF (opposite to the eiiuul sides AC, DF) ' 
right angles. 

It is letjnned to prore that the , / ABC, DEF y/r congruent. 

Proof. Apply the a ABC to Vhe A DEF, so that AB falls 
ou the cijual line DE, ami C on the side of Df opjiosite to F. 

^ Let C' he the point on which C falls. 

Then DEC' r(‘presents the /, ABC in its new po.sition. 

Since the sum of the DEF, DEC'ps two right angles, 

EF and EC' are in ©ne straight line. 

And in tho \C'DF, hm-au.se DF-DC' (i.e. AC), 

A fhe_F^‘=t!iei.C'. Theor. 11. 

Hence in the ,V DEF, DEC', 
j the ;! DEF the DEC', being right angles; ^ 

becaii8e| the l F --.the _ C', Proved. 

I and the side D0 is common ; 

9 , «» • 

the A* DEF, DEfi' are congruent ; Theor. 10. 
that is, tho a'DEF, ABC are congruent. 

“ Q.B.D. 



REVISION' LESSON ON rON(iRr|:NT TRIANftLRS. 
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♦REVISIT' LESSON ON rONOIU'KNT-TKUNOLES. 

•• ^ 

1. In which of the followinji cfiHOM an* XYZ npccssarilv 

continent ? , 

IlHinfralc each case hy a frce-han^ skctOi, ami is congruence 

state the Theoretii under whicii jt*falls. I • 


(0 

.AB 

XY, 

^A _X, 

-B 

_ Y. 

(N) 

AB 

♦<Y, 

^A .-Y. 

.. B 

-X. 

(III) 

AB 

XY, 

_A -X, 


_z 

(iv| 

AB 

xz. 

^A -X, 

-C 

-Z. 


2. .UmltT what Thcormis ate ?!h* sABC. PQR longriient m the 
following cases ? Mlii.strntc t -.k h cas*- In a figure • 

{ AB PQ 0 0 ‘ in , { AC Pi? ff 0 . m . 

(1) JbC QR »wi< nu (u) i BC QR « n em . 

Lb -Q fH). Lc _R 


3.* ABC and PQR are two triamdes m winch AB PQ 7-0 cm.; 
AC 'PR and the ^B the .iQ IH'. 

Show 1)V a figure that Hiesc triuiigh'"* nia_\. oi tnay not, la* eungiuent; 
and th.1t in the case where tlu-r% h not congruence, ihe at C and R arc 
suppleinentary, • 

l. In Ih.. A"ArfC. PQR. AB PQ 2 I'.AC PR 2 r.'; nmltlu! 
- B - the wQ •-8.7^ Pro\e hv a liguri’ that lh<‘ ttiiingles aie cong|jK'nf ; 
and explain why aivh\gHiUj does not nriso. 

5. AB is a straight line of unliTnit<-rl lengtli, and P a pond outside d. 
With centre P, and any suffieienf radius, an nie is drawn cutting AB at 
X and Y. If TO is the pria ndacular from P on AB , prove that 0 is the 
imdtllo jioint of XY. jTlieor. 14.] 

♦1. If in two triangles the sides are equal, each to <'ac'h. then the 
corresponding angles are also («{ual ^ this true ? Knimciate the 
Converse. Is the Converse true ? 


7. From which of the conditiigis given hidow ina\ we conclude that 
lije triangles ABC, A'B'C' are congiuent ? Point out whore ombigudy 
arises ; and illustrate by a figim' iii each case. 


JA-A'- 7 r. 

■(i) . 

^ a - a\.-3-7 cm. 

( a - a' -tf O cm. 
(iv) -j 6-6' -C>-2 cm. 
( c - c' =4*5 cm. 


T" 

; a' 

4-2 

cm. 

♦•i) ] b 

h' 

-2-4 

cm. 

Ic 

c 

-sr. 


IB. 

■ B' 

.53^ 


('•)•]<• 

--- 6' 

-4-3 

cm. 

1 c 

-- r' 


cm. 


rA A'-3r. 
(iii) B B' 121. 

*c c* 2r. 

(C O' - 'M) .4 
(vi) -j c r' .7 cm. 
• I a - a '-3 cm. 


8. Summarize Ihe reeulle of the abort <^eHione by .italing generally 
uhder U'hat condUxone tuo triangl^ ^ 

* (i) are necessarily congruent ; *(n) may or may not be congruent. * 
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GEOMETRY. 


^ Theorem 15. . 

If one nule ^ a If hivql^ is (jrrnU'r than another, (nen the greater 
side has the grenlmaiii/letopimile to tt. 

• ■ \ '■ 



Let. ABC.Jk' ji trian^I*', in which tlu' si^lc AC is gn'atcr than 
the side AB. 

It is rrquimf. In prore that the „ ABC is (/renter than (he L ACB. 

From AC cut off AD .‘qiirtl to Afe. 

Join BD'., 

Proof. Hf'causc AB AD, 

* the _ABD- thciADB. 

But in thr BDC, thu cYtorior _AUB ~thc sum of the 
intorior oiipiwito DCB, DBC 

tile _ADB is Rreiiter than the i.C. 
the L ABO is (jieatcr than the l C ; 

More then is tlie \vliole _ B greater iiian tlie _C. 

O.E.D. 

Altem&tiTe Proof. Jx‘t. AP bishet the lK an<l * a ‘ 

ineol BC nl P. « 

KVnn AC cut off AQ c<iual to AB.iAnd join PQ. 

Then tlir .\'BAP, QAP nro congruent by Ihcor. 0: 
m thatfthe the «AQP. 

But the ext. .lAQP is greater than tlie _C ; 
tho - B is greater than tlie -s C. 




INEQUALITIES. 
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Theorem 16. 

If one anf/leof a Iriaiir/k m qreoter tho^ a mirier flhe’i the greaJer 
anglf has the greater side opitosile to it. , 

* I 

A • I 


8 C 

Lot ABC ho ajrianjilo. in whioli tho lABC is firoator than 
thf'^ACB. ^ 

It IS requiml to proir timt the side AC i.s“ prcnfcr limn (he snle AB. 

Pfoof. If AC is not ^^rratfT tlian AB. 

it niU'^ ho o^thor oipial to. or los.s than AB. 

^ Sow jf A^^woro o(]iiiil to AB. 

thon the*i.ABC wouhl bo oqiiul to tlio -ACB; 
hut, by hyj)othosis. it is not. 

Again, if AC woro lo.ss than AB 
tlion tho lABC won!'! l»o lo.ss than tho _ACB; Tlicor. Ih. 
but, by hypotliosis, it i.-i not^. • 

That ia, AC ia noithor oijual t^, nor loss tf^n AB. 

AC is^n-utor than AB. Q.K.D. 



AltonifttiTe Proof. L'l BR l>o ilrawn riiakm;r llio I.CBR ■ tho -.C. 
Tlion BR must fall within tho l»CBA, meeting AC 
AR; . * • A 

■ ■ amlBR RC hy Thcor. 12. . 

^ow^in tho BRA. *• 

BR t RA IS g(%at(T than AB; 

• RC -! RA w greater thab AB; 

thattia, AC is greater than AB 
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GEOMETRY. 


Theorem 17. 



Loi OC bo the porpomlioular, ainl OP anif ol)lif]uo, drawn to 
llio ^ivon bm- AB fn)m the 0 outside it. 

ll ifi lOjuircd fo prooo (h<i( OC is kss than OtJ. 

Proof. In tlio .\OCP, since the i OCP is a rii»ht anjifo, 

tile ^OPC is lt‘ss than a rij^lit anj^le ;■ Thcor. 7, Cor. 3. 
thaUis, the „OPC is le.ss than tin- z_OCP. 

OC is le.ss than OP. Theor. 10. 

Q.E.D. 


Notk. Hence convewly, if OC w the shortest line from 0 to AB, 
thenOC w jMT|>«'tulu*.iljii to AB. * 


EXERCISES ON INEQl'.tUTIES IN A TRIANGLE. 

1. The hypotenuse ia the greatest sihe of a right-angled tnaii|le. 

2. ^he greatest side of any trUpgle makes acute angles with each of 
the other sides. 

a. In the above fiyurp : ^ •' 

(i) If two obh(|ut‘S OP. OQ drawn to AB from 0, make equal angles 
with the perjwiitiieiilftr OC^ they arc equal. 

(ii) Of two obliques 0(i, OR, the le?j is that which makes the smaller 

'iigle with the ^rpemlicular. \ 
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F-iJeRCISES on INEgOAUTIES IN A TIIIAN«I.E. 

^ • 

4. the trianple ABC. if a 3 (> cm , h 2-8 cm., <•- 3-<3 cm., arrange 

the aiiRleH 111 ordoitnif their hizos (before mciiHureiiy'iit)^ an<l jirove that 

the tnanttfe iH<icute ani;le<l. • 

• • # 
f). In the triangle ABC, if • ’* 

(i) «A*, 48° and B find the tlird an;'!c. nmUiuune the ^reatcHl 

Mde. , * I • 

(ii) A B .h2.r‘, find the third anple, and airnnpe the Mdc«* in order 
of their leiiptlis ♦ 

• 

«). If from the end< of a side of a triangle, two straight lines are drawn 
to a poinb withm the triangle, then these straight hoes are together less 
than the other two sides of the tnangle. 

• . 

7. BC. the base of an |•^os(•(•ll••^ trianpR* ABC. ih pnahiccd tt> any 
[mint D ; hIiou lli-it*AD h picatci llian either of ttie ecjiial MdoH, 

8 . If in a (|iiadiilalei.ll llie pM-atc<,t and loa-'t mkIi-s ar«*(){i|)oHite to 
,one anothei, tlicn ca« li i>f the aiipics .idj.ueni In the '•idi* i^. pri'ater 

than its opjMisiti' anple 

t). In tlic tnanplr ABC. if AC !•< imt preatcr than AB. -^hnw that any 
Htraight line liraun^hroii^i the vertc.x A and lerminat<‘d h> the huae 
BC, i.s le^s than AB. ^ 

• 

Itl ABC 1 “ a tnanplr, in wliuh OB. OC hise< t the anplc'i ABC. ACB 
rcs|)ectivclv : shou t^iaf, if AB ik preater than AC, then OB is greater 

thanOC. • • 

11. The diflcrcnee cd any two sidra ol a triangle is 1 <nh than the third 
f‘idc. 

12. The sum of the ihs(anee% of ^ny [»oinl from the three angular 
pointa of a triangle is greater than lialf its |)erinieler^ 

111. The iXTimeter of a qiiaijnlateral iHgreater than (In- sum of its 
rliagonala. * 

14. ABC IS a triangle, and the hiM-etor of the angle BAC meelH BC 
in X ; ahow that BA la greater thanBX, and CA greater than CX. 

• • • 

15? Th$ sum of the distancea of anv i^^omt within a triangle from 
its angular point.s is less than tlie*yerimet< r of the tnangle. 

16. The sum of the diago'^als of a quadnluteral i« lesH than tit^siim 
of the four straight lines drawn froin*the angular points to any given 
point. Prove thi^ and point out the exce]>tiona] case. • 
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KALf.f.LOORAM.S. 


{>KKfXrri()NH 


1. A quadrilateral is a j^lano li<i;ur«' boiuulcd 
by four straight liiu-s. 

Tho Htralgh*. line windi joum iiui'uliir })<>in(fl 

in a ({iiadnlatonil m ntllrd a diagonal. 

It has h(‘t‘n shown <'riicoi(-m 7, p. T).')) that the sum 
of the four^an>.dvS of a qimdnlaterul - 4 rigid angles. 



2. A parallelogram is a qim<lnl;it»'ral 
whose opposite sides are jmtalkl. 

(It will bo piovod hereafter that tht' dpposite 
ftjties of a parallehigratn an- equal, t^pd that its 
op|>oslte angles are (Hpial | 

3 . A rectaugle is a jmralielogram which 
has one of its angles a riglit angle. 

[It will be proveil hereafter t|»at all the angles of 
a rectangle arc right angles. Seo pngi 83. ( 

4. A square is a rt'ctungle, which Itaa two 
adjacent sides equal. 

(It will he proved that all the sides of a square are 
eq\Mi and all its anglea right Hng*e.s. See jwgc 83 ] , 




6.. A rhombus is a four-sided figure 
whiWi has all its sides equal* but ifi angles ^ 
are not right angles. / 


6. A trapezium is a quadrilateral which has / 
<wi€ pair of^purallcl sides. “ ' £_ 




1*ARALLEU)()RAMS. ^79 

« 

Tiieohem 18. 

The op])Osiif angles of « parallelogram are equ(^. 


Let ABCD l>e a })arali(*l()'.;ram in wbidi the i-'A and C are 
0 |)j) 0 fflte, also tho^t" B and D. * 

Tv piOir (hat (he ^A-lhr ^ C. and (he l B = (h^L D. 

Proof. Ib'cause AD, BC are ]»arallel, and AB ineel.s thorn, 
tho sum of the interiorA and B-2 ii^ht anjjlea. 

And bceauso AB. DC are paralh-l. and BC meets them, 
the suin tlio4nt(“rior _* B and C - 2 ii^lit anjjles. 
thoi-A-ftho^B the^Blthe„C. 

, the_A --the:.C. 

Similarly^ tlm ^ B -- tlie D. 

Conversely. // (he oppusile. angles of a (piatlnlnlcral are • 
equal, it is a parallel(x/ram. 

In the quadrilateral ABQp l»-t tho ^.A-fhe ^C. and the 
i.B = the^D. 

> » 

To proi'e that ABCD is a ^nrallelotpaiii. 

Proof. Because the :.A=- the ^C, and the ^D -the lB, 

.*. the iL A + fho 1 D - the i C i- the B. 

*But the sum of ail the interior angles o{*any (juadrilateral 
= 4 * right' angles ; , Theor. 7. 

. j the Z-A + the ^ &= one-half of 4 right angles 
• right Hn^l<■s. \ 

.Now the i.' A and D are the inh^rior anglea formed tiy AD_ 
meeting the lint's AB, DC ; • 

AB and DC are parallel. ’ Thfor. 4. 
Similarly, AD an<l BC are parallel. 

* the figure ABc6 is a parallelogram, q.e.d. , 




GE0j4;TRy. 


'I’hkokkm 19. 

''The Offsite sid'es of a ^nraUelof/ram are equal, and each 
diagonal hi.iects'thetpiral'elogram. 



0 c 

Lot ABCD bo a ])arallolpf'rariv of which BD is a diagonal. 

To imtee that (i) AB -CD, anil AD --^CB ; 

. (ii) tht. : ABD —///c .\CDB O! area. 

Proof, liccauso AB and DC arc |iai.dlol, and BD moots them, 
the ^ABD=-tho alternate ^CDB. 

Aftain, lieeau.se AD and BC are i>arallol, ami BD moots them, 
.-. thotADB the alternate/.CBD. 

Ilimee in the A" ABD. CDB. 
IthotABD-tln'^CDB. 

hoeanso the _ ADB = the l CBD, Proved. 

(and BD i.s common to both ; 

.’. the tnanolos are congruent; Theor. M. 
so that AB - CD. and AD -CB ; .(i) 


and the .ABD^the„ CDB in area. 


Conversely. If the opjHisite xides of a qaadrilateral are equal, 
it 1.1 a ptralkloqraiii. 

In the quadrilateral ABCD lot AB CD, and AD =CB. 

To prove that ABCD is a jmrgKrlnjram. 

Proof. In the .A" ABD, CDB, 

, fAB = CD, and AD=CB, 

, eta tat comrtion to both ; 

the triangles are congruent; Theor.lZ. 
so that the t ABD --the ^CDB. 

And since the.se are alternate angles. AB and CD are parallel. 
Similarly, AD, BC mgy be proved parallel, 

.•. ABCD is a parallelogram. q.e.d. 
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PARALLE[.(K?UAM8. 
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Theokkm 20 

Tlie ^iag&t^Js of a ))araUclogram one 



L»'t ABCD be a paiallelogranj of \\Jiich thi- diagonalf^ AC, BD 
intri'k^'ct at 0. ^ 

To pi-oct'//(«( AO-OC,BO--0D. • ^ 

Proof. lb‘<-:iiJso AB ami DC aro i»aialb‘l. and AC narts thi'in. 
* tin' _CAB-fh‘‘ allcniiiti- _ACD. 

* Il.'iur in tho " AOB, COD, 

• aiiOLOAB ^tJir altarnatf ^OCD, 

Jtl.o 


bocauso - Ui(‘_ AOB - tin* vcrtn ally oppohitt* 
[anti AB --tin* opjio.'^iln sidn CD ; 
* tin* trian^lns arc conjzninnt; 

so tliat AO OC. ami BO OD. 


.COD, 


Conversely. If (hfuiynoy (f u ijundnldtcKil hisecl one 
another, >f is a pnraih-lofinun. ^ 

In the quadrilateral ABCD lA the diaponala AC, BD bisect 
one another at O. •* 

To proi'e that ABCD is a parallehiram. 

•.ProoC. * In the A* /fOB, COD. 

= 0D, hy hvpotiicsi«, 
the vertically ojipositf* LCpD ; 

• the trianplea hre congruent ; * 

• so that the^_OAB = the i.OCO * 

And since these are alternate angles, AB and CD are parallel. 
Similarly, it may be shown^that and BC are parallel. 

^ ABCD is a parallelogram. * o.e.d. < 

H.Sft.o. V 


{and the 


OC, and OB 



OA GEOMETRY. 

Thp:ouem 21. 

If a pn{? of op}p)flte of a (pHuJrilateral are equal and 
jMrallii, U IS a parallehsirani. 



0 , . C 


1^1't ABCD Im‘ a (jtimhilatcral in w!in-h AB is equal and parallel 
to the oppoiate CD, 

To proir that ABCD is a isirulh lotinun. 

•loin BD. 

Proof. Because AB. DC are parallel, ami BD meets thorn, 
the LABD'--tho alternate _CDB. 

Now in the /."ABD, CDB. 

( AB^^CD. Given. 

boeatiHo ^and BD i.s common to both. 

(and the L.ABD = tlie .lCDB ; Proved. 
the trianjiles are conjiruent; 
so that the l ADB - t^e .L CBD. 

But these are alternat.' angles ; 

AD and BC are paralhd. 

And AB and DC are parallel by hypothesis ; 

ABCD is a par,allologram. 
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PARALLELOURAMS. 
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■ TIk!' following inferences from Tlieoroms IH, li) should be 
noted. ^ • , 

1. If one Snt/le of n parullelof/mm is^ ri^hj atiffkfall its (Wffles 

arejiiiht aiufles. • 

Thkt is, (ill the (UKiks of a ir^lamihyirc nulff nuijk'i^ 

Fur the sum t^f tut» ciuisociitivo 2 H. _•: {Thror. r».) 
, if one Ilf 18 a i1 ancle, the otlier must U‘ a rt, anj^le. 

And tlii‘ o|»]^.lslte iinch'S "f the par"' are etjual; 

• all the anjilea are rt ancieH. 

2. All the of o stiuarr ore efpial: and all its angles are 

TUfhi angles. * • 


KXt'.RCISKS ON ?ARAM.K(A)OrT\M.S* 


1. (i) The diac'iials cf a ihxinbim ])Lse<'l .aie juiolhcr at ri|/hf anjileH. 

• (ii) Convetwiy, if the diacDnais of a ({U.Klnlateral biwet one another 

at riizht ancles, it ih a rhombus. 

2. (i) The iliaftoiials^tf a reetanele ate e(|UHl. 

Omvprsely, if the (lijjc'n.ilrt of a parailelocraiii are e((ual. it in 
a rectangle • 

2. If a jiair of\)j)po»ife angles t.f a parallelogram are biw'eted by a 
diagonal, i^ in a rhombus. ^ 

4. If the diagonals of a parallelogratn are (“ijual anti bisert i>nr anothe* 
at right angles, it w a stjuaro. 

5. Anv straight hue dra^n thanigh iht* mnidle point of a diagonal 

t)f a parallelogram and termiiiAed uy a pair of opposite hides, is bisected 
ut that point. ^ ^ 

6. In a parallelogiam tl^‘ {S'rpemheiilars draMn from one pair of 
opiMwite angle.s to the diagonal \»h)ch j'tiAs the f-ther pair arc equal. 


7. A straight line PQ me(‘ts two parailelh AB. CD at P and Q.. and 
Pfi is biHeottid at X. Through^ nmj lin<‘ MN w drawn to meet tho 
•parallels at M*and N. Sliow that i>M and QN ufe tMjual. 


8. If ABCD IS a parallelojiam, and X, Y resjK*etively the middle 
pointy of the sides AD, BC; ^how that the figure AYCX w a para)- 
lelogram. • 

• # 

■ 9. Show that in any parallelogram ABCD the hiseetors of the opposite 
angles B and 0 are parallel, if AB, BC an* niunjual. • 

How would the bisectors of the B and D be related if AB, BC were 

c([ual ? 

At what angle would the bisectors of the consernlok. angles A anil B 
^eet t Give your reastn, and show that il would be the same angle for 
^ parallelograms. • • 
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GEOMETRY. 


EXERCISES ON PARALLELOGRAMS 

iT). In thoihaj^tnnl AC ‘>f tin* paralleloKrain ABCD |)ointB X, Y 
ftro takeni ho that AX' and XB, YB. XD, YD aie joined. Nhow 
Mint XBYD h a paralkdojrrain. ^ 

11. If in iJie Hidra of a |)a^‘allrl(iyra'in ABCD four points P, Q, R, S 
are taken in or<ler, one in eaidi tide, so that AP BQ, CR DS, l)rove 
that the tifture PQRS ih a [mialloloi'iani. , 

12. A is tlie v<-i(ox oA an iH<ia(r-lcs ABC. and BA w pri'iiueed to 
any l)oint D. CX h di.iwn f)arallel to BA to nuvt the bisector of the 
exleiior _ DAC at X. Show |hat ABCX h a paralleJo^'ram. 

Id. I'Im' diaitonaln of a rei-lanolr divide (he (i^ure into two iMaijinicnt 
tiianjili'H : is^flie Mi.ij^ojial. tiu iefoir, an axis r)f H\innietrv? About 
vviiat (wi» linoH H a ie(ian”le s\minetiic.'d ? {vSce Def. p. (kaj 

It N theie niu axu about whicli an ohli«jue [taialleloj^rani Is svin- 
inetiical? (live lea.sons foi your aiiHwer. 

I,') In a Cjuadiiintenil ABCD. AB AQ and CB CD; but tbe aides 
are not all opial. Which of llie diu^onals (if eitlu'i) is an a.xis of 
HVinnn'tiv ? ‘ 

« 

^ Itl. Two quadnlateials ABCD. EFGH have the sides AB. BC. CD, DA 
equal lespectivcK to the hkIcs EF. FG, GH, HE. and have also the 
nuftle BAD cipial to the anveh' FEH. Show that the figures arc congruent. 

«■ 

17. Using the ri'sidt of Thet)iem 20, sJiow how a straight line of given 
length may bo bisected by means of a set square construction. 

18. Two straight liru's AB, BC meet at B. In AB take any point X, 

and .suppose XY is drawn perjiendicular to AB meeting BC at Y. Draw' 
YZ pcr|)endieiilrtr to )^Y and I'qual t« BY. Show tliat if BZ is joined 
it blseet-s the >. ABC. “ 

10 . Two bars AP. BQ are pivoted at fixed points A and S- A 
straight lule PQ is pivottd to the bars at P aAd Q. the distances between 
the jiivAt.s A, P and B, Q being equai. and PQ being equal to AB. Show 
that in all positions of the system the rule PQ w parallel to AB; and 
that the bars AP, BQ rotate through equal angles. 

20 . ABC anil DEF are two triangle.s such that AB, BC are respec- 
tivelv eipial to and parallel to DE. EF; shoiv that AC is equal and 
parallel to DF. c 



\lI8t'ELtAXK0US QUESTIONS AND EXEROISES. 86 

• • 

21. * ABCD 18 a quadrilateral in \shirh AB m parallel t<> DC, and AD 
<-()UhI bi^t not pa«a!iel to BC : s)>o^^ that , 

(i) the i.1V+the :-C - 1>S0' the _B i the - D ; 

(n) the diagonal AC -the <hagoiiul BD ? • • 

(Vi)ythe quadrilateral n about tlte .straight hue joining 

(Ilf middle points of AB and DC^ ■ ^ • 

22. AP. BQ afe atiuight rods of equal length, turning at equal rates 
(both oloekuise) about Jwo fixed juvots A ami B resperiivelv. If the 
lods stall jiarallel j>ut jHuntiug in oppositi- sen^e'•, shtm that 

(i) tlft'> uill ahva\s be paiatlel ; (ii) the lAe joining PQ wilt nl\vn\s 
pass through a certain lixeil point 


{Mxsniloiiious Qui'-liiiiif. atui ICoictg.'.) 

23. State the juopeities of a triangle lelating to 

(i) the sum of Its intmior angles . (n) the mhh ..t its exterior angles. 

W'liat projK'ity eoricsponds to (i) m a jioKgon uf titles t W ith 
x^hat oth(‘r tiguit'* does y liiangie fliare the [impeits (ii) ? 

24. *ralenlate tin* angh's tnangli- ABC, having given : 

.int._A i of ex! _A; .(B 1C 

2r). A "Aielit sailing due Hast dianges hei eouise mm <‘ehsivels 4)\ <>3 ', 
bv 78'^. hv lltf. and h\ til , with a view to ^alll^g round an ishiiid^ 
What further eliange must be nia<le 1o m t her ome nmie on an Kastetly 
eouise ? 

^ f 

20. If the sum of the mterioi angles of a m.lilinial tiguie is ispul 
to the sum of the exli-rior angle-, l%tvv manv M<le»h.is ii, and vvli\ ? 

27. Draw, using your pro|ia< tor, •a*!iy live-.uhsl ligure ABCDE, 
in which 

-110^ _C ll.V. -D 03', _E lo2'. 

^ Verify bv ajconstruetion withfu^er ami (smipisw-s that AE is parallel 

BC, anti account theorelieally for this fa^ t. 

• 

. 28* A and B are two tixed*j>oints, and two straight lines AP. BQ, 
unhmiteti towards P and^, are pivoUai at A anri B. AP, slafting from 
the direction’AB. turns about A effx-kwiso at the uniform raterof 7J'^ a 
'second ; and ^Q, starting simultaiieously from the direction BA, luyiH 
about B eounter-elockww' at*the rate of 3|'' a sectmd. 

(i) How many seconds will elap.sc before AP arftl BQ arc parallel 1 

(ii) Find graphically and by calculatu^ the angle*betwwn AP and 
£Q twelve seconds frori the statt. 

# (iii) At what rate does this angjie decrease t 
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I 

GEOMETRY. 


, Theorem 22. 

The straif/lit line ir^iwm thronijh the middle point of one side of 
a triangle parallel to-another side^ bisects the third side. 

1. ' A 



In till! .ABC, lot Z 111! tlio nuilillo imint of the side AB, and 
lot ZY 1)0 drawn parallel to BC to moot AC in Y. 


To prove that AY ^ YC. 

Proof. Sujiposo YX to lie drawn parallel to AB, njoeting 
BC at X, 

Tlion BXYZ i.s a parallelogram-. 

< XY the opposite .side BZ 

• ZA. Given. 


Now liooaiiso AC out.s, the ]iar.rllol.s XY, BA, 
the .L XYC tlio oorro,sponding L BAC. 
Also booAuso AC oiits'Tlio parallels ZY, BC, 
tJio L AYZ -T'„o oorrospondinji . 1 ACB. 


Ilonoo in the A’ XYC, ZAY, 

f the XYC = the ZAY; 
becamso ■! and the i YCX = the _ AYZ Proved. 

(. andXY = ZA, Proved. 

U 

the trianglo.s arc oongrucnt; 

aothatAY = YC r Q.E.D. 


[For Exerciaea on Theorcma 22, 23, ace pp. 90, 91.] 
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PARALLELS AND P^HALLELO<JUAMS.» 

» « 

^ • Theorem 23. , 

•» • • • j*’ • • 

The 8irai(fht line juiuiiKf the nuddl^ 'jx^tnls wf two sides of a 
tri(\ngle is jkiralkl to the third side, and egugl to half of H. 

• • - * a 


T 

■7 

• B • C 

• 

Tn th(‘ A ABC, l*'t Z aii'l Y ht* ihr muMlr |i<^ii1s of tin* nidos 
AB, AC. • 

To /jrn?'" that ZY ]s painlhd iit BC, and n/imf /o hdf <f it. 
l^uppOHO ZY ]iro«lu(i‘‘l to T. junf YT inado o<piaI to ZY 
• « -loin CT. 

PrdSf. In Uif 'CYT. AYZ, 

I CY- AY. (Hmi. 

boc'tyisc and YT- YZ l)\ ooiiMruction, 

I and llic ,lCYT tin- Vi-rticallv opj)ositc _?iYZ, 

/. the tnan^l'-s arc 'on^iucnt; 
t)T AZ 

* BZ. (Jn'cn. 

andthcLY^T liio_YA«. 

But thos<‘ angle.'! arc alfc-rnati- made ly AC m<‘cting 

CT, AB; 

CT iR parallel to AB. 

•Hence CT, BZ afe«parallcl um> cjjijnl; 
go that BCTZ IS a parallelngruni: 

• .’.•ZT and BC are jjjirallM and equal: that is, ZY is parallel 
to BC. ^ f • 

But ZY isjialf of ZT ; ZY is lialf of BC. Q.E.D.. 

Note, This 'rhoorem be derived frnin Theorem 22. Thus : 

If tbrouRh Z a jwrallol were drawn to BC. it would b^-t AC (Th. 22); 
that ifl, it would pass through Y. Honcc^he line joining Z and Y, and 
4he line through Z paraMe) to B«. arc one and the same. 

That IS, ZY^is parallel to BC. * 




»8 


GEOMETRY. 


, Theorem 24. 

If three or itufre. slraiqht linen make equal intercepts cm 

any transversal, them make equal intercepts on any other trans¬ 
versal. , • * 


A P/ 

\X T B 

a 

0 

\jY D 


\z 

E / ' 

s \ ,F 


Lot tho parartola AB, CD, EF mako oqiml intorcept.s PQ, QR 
OH till' tran.svoraal PQR; anil lot XY, Y? ho tli" oom’.aiionding 
intoroopts iiiailo on any otlior traiisvorsal XYZ. 

To piore Ihafrty - yz. 

Tliroiigii Y lot TYS lie drawn |i.\rallol to PR and fatting 
AB. EF at T and S. 

Prffof. Sinoo AB, CD. EF aro parallol, and also PP, TS, 
t tlio ligiiro.s PY and QS are parallolograms. 

.-. TY-PQ, and YS = -QR. 

Hut PCI QR, fiy liypothosis, 
e .-. T'4='YS. 

Now in tho "XYT, ZY^., 

( till' ..XTY =tlio altcrnato l ZSY, 
because and tho lXYT=! tho vortioally opposite .1 ZYS, 

I ■ and TY = YO,' 

.'. the triangles are oongnient; 

sothatXYLYZ^ Q.BiD. 

'Conversely, if AB. EF are. poraltet, and Q. Y are the %-iddh points of 
the hiiercepts PR, XZj .lAeio that QY 1.1 parattet to AB and EF. 

[For TY"YS, from the congruout A* XTY, ZSY. Also TS-PR, 
from the par"' PS. Hence the halves of these are equal, that ie, 
YS~QR. Since YS. QR are c<|ual anJ parallel, the fig. QS is a parsi, 
H that QY is pal* to RS.J 



PARALLELS AND PARALLELOORAMS. 


89 



The IcTiKthM of Hio Pp, Q7, Rr, , may t^un V expreaacd 

. in terma of the base BC. 

(’onsnler the lijiure in whicli AB divniod into four eipial jmrts. 
TlirouL'h />. 7. and r let pi. '/‘J, r'.i Ik- -liawn pni' in AB 
Then. h\ 'I’lieorei^ 24 . t^iese |Kn'' divide BC nilo /our etjiml parte, of 
Avhieh P/^evidently contains oiic,^Q,q tiro, and Rr Ihrrr 
In other words, • 

P(j J BC; Qi I BC; Rr BC. 

Similarly if the ^iven par'* <livide AB into » erpml jmrts, 

Pn-’ BC, Q7 “ BC. Rr BC, and so on. 

‘ n ^‘71 ^ H 

Problem 6, p. 10<), ^ouM now b%u'orked. 

[For Exerolhos. we 0 <), lH.j 


^ DKritl|TON. • 

if from the oxtremities of a straigtt lino AB pcrjx-ndiculars 
AX,_ aro drawn to a stnupht lino PQ of indofinit^^ length, 
then XY ia .said to be th^orthogonal projection of AB oi!,PQ. 




90 


GEOMETRY. 


EXERCISES ON P4RALLKr.S AND PARALLELOGRAMS 

• 1, (i) r'rovo Theorem 24 by joinin),' PZ and 
applyinjj Tlietn^ni in C'.urn to the .^■PRZ, 

ZPX. , 

(li) Pi;ove Tlir<frt'm 24 by XM RtiiJ 

YN parallel to PR to me(^. QY unU RZ at M 
uiul N, and provmj^ the A* XMY, YNZ are 
coni't'uetit. 

2. Iti a .'>ABC a i)oint P w taken in AB that AP- ’AB, and 
tlu'ougli P a parallel PM is drawn to BC. Prove that 
(I) AM ',AC; (1.) PM 'be. 

2. Show that tho three straight hnes which join the middle points of. 
the sides of a triangle, divide it into four congruent triangles. 

4. Kioni th(‘ lesiill of the last Ivvereise show how a triangle may bo* 
drawn ictlk M w/unrr.s if tho jHwitinns of the middle ])oint« of the three 
sides are known. 

T). Adv straight line drawn from the vert^i of a triangle to the base 
is bisected by the straight line which jpins the middle points of, the other 
sides of the triangle. 

6. ABCD iH a parallelograin. and X, Y are tho middle point.s of the 
opii-sito sides AD. BC : slmw that BX and DY tnseet th. diagonal AC. 

7. If the middle points of adjacent sides of any quadrilateral are 
joined, the figure thus formed is a parallelogram. 

8. Show that tho straight hni's ^hich join the middle points of 
ojiposite Hides of a quailrilatcral, busoot one another. 

U. AB 13 a given straight lim* bisected at 0 ; and AX, BY are per- 
]>endieul.irs drawn to any i^ner straight line. Prove that OX “OY. 

10. From two points A and B, and from O the mid-point betweciv 
them, jKMpi'iulieularM AP, BQ, OX i.re drawn to a straight line CD ; 

(i) if A and B are on the Mwir side of CD, prove that 

0X-;(AP4BQ); 

(ii) ;f A ami B are in oppo.site sides of CD, jinne that 

OX-,(AP^Ba). 

[The symbol ^ is usie<l for “tho ihfTorenee between.!’] 

11. In the figure of Ex. 1. PX. QY. RZ being given parallel, .and 
Q being tho mid-point of PR, prove that 

QY=?(RX-tRZ)i 

QY is said Vo be the Aritiinietic Mean between PX and RZ. 




EXERCISES ON PARALLELS. 


9) 


12. fn the Irapcxium ABCO, AB aiul DC are Iho parallel aides, 
and X, Y t^ic niul-f#mtH of the oblique aide*. I’ro*e that 

*• (i) XY la parallel to AB, * • 

( 11 ) XY .’.(AB + DC). 

* • ^ • 

111. U X and are the riiid-]»oiniH of AD.BC, the obluiue aiflea of the 
tra|>eziuni ABCD. show tliat XY bisectH botlrdmf»onnls AC and BD. 

• 

14. OX and OY are tRo strai^ilit lines, and ulon^ OX live pointM 
I. 2, 11, I, r» arc nrtlrkcd at «n|ual distances 'I'liroujih these poinUr 
paiullcls at-e drawn in any direction to meet 0'^ .Mouhure the lenj^tlm 
of tlieso parnllels ; take their aveuiye. and coinpnie it with the lenjilh 
t>f the Ihrn! pdiallei. l*^o^e (]i'i»n>kiinUii 4hat the 11"' piuallcl w the 
iiH'an ot all live. ^ 

State thi* 'iiin-Kpondinj^ llieoieni for any <m 1<1 nuniber {2Hfl) of 
purallds .so iti.iw'n • 

l.'i. Kiom the angular ])omts of a ]>arallelo(;r.im per|n'n<iKidaiH are 
dn)An*to any strnioht line whu li is outside tlu‘ paialleloiuain : ahow 
that the sum of (he pet[KuidiMilars ilrawn fioin ('in' pair of opjMisit** 
an 5 (l(‘R IS (‘'jual !•> th^ snm%l those drawn from th*“ other pan. 

I Draw fh<“ dtayonals, and fnuu tlnur point of iiiteMection siijipifSe a 
perjiondieiilar diawii to the ni\<Ti Mti.u^;ht line J 

lt> The si^m of the perpendiculars dt.iwn from anv point in^ihe 
hns(“ of an isoM-cles trian;ilc to the c<pinl shIcs is eijiial to the perrien* 
dieular drawn from eithci cxticmity of the li.ise to the opposite side. 

[It follows that the sum of the distiiiier*s of nn\i }'oint in the base of 
an isosceles tiiunj<le fnim the equal s*dcs h constant, iluit w. the Baiiie 
wliatever point in the ha'*e is tak'^i | 

How would this propoily be niodil%'d if the point were taken 

in the base prixiuceA 1 

• • 

17. The sum of the iierixMidiciiIai-K diawn from un> point within 
on equilateral trianylc to the thret* sides is e(pjul to the perpendicular 
drawn from any one of the ant:ulai#])oin(s to the '^pp'-sitc side, and ia 
tliAeforc cgnstaid. 

• 

18. Equal and parallel lines liBve equal projections on any other 

straight flme. • • 
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OKOMETRY. 


T^e Medians ok a Trianoie, 

ORFiNifioN^ 'J'bt* !iin' joining: !i vertex of a (riangto 

to the niahlh’ porjiT of the op[)ositv sk1(‘ is ealle^l a medi^. 

The hf a (riamile meet at a /woit irhieh n a*imn( of 

tnaedion of envh mediant 


A 



K 


In tin* \ABC, li't BY .uni CZ he imiiians enttinj: at 0. 

Join AO, and priKine*' it to meet BO-.it X' 

To jinnr llnif AX />• the thud me*/- mi. 

'riuon^h C draw CK par' to BY, to niet-t AX proihieed at K; 
joiii'BK. ' 

Proof. Ill the AKC, heeaiise AY YC, and YO is par' 
lo CK, 

/. AO V)K. Tfieor. 22. 

Auam. in the '\ABK, heea.'.se AZ ZB. and AO - OK, 

70 IS par'‘'io BK ; Thcoy. 2.'1. 

that is. OC IS par' to BK. 
tlio figur<‘ PKCO IS a par”* 

.\nd since the diunpnahs BC. OK bisect one another, 

X IS the niidihe point of BC. 

Tha^ js. AX is the tliird median ; sft that the tliree medians 
meet at 0. 

Also, since AO - OK. and OX ono-half of OK, 

OX = one-half of AO^one-thinl of AX. 

Pekin'ition. The iwint of wtersecUon of the medians is 
callttl the eSntroid of the triaugle. 



KXI^h('ISES ON TIIK MKOUNS OK A TRIANO^K. 




KKKIUMSKS ON THK MKDMNS OK A TUIANOLE. 

• • • 

1 III tin* , f^C. till' nu-iliuii AX ItiMtts BC 

.will I.'' to P, Ho tlmt XP AX ^‘in• 

BP. CP. hihI pnivc that ABPC w a , 

ijiaiii • • * 

2 la the / aSC, show that the sum otithe B 
sides AB, AC w greater than twice the median A X. 

» 

Prove that the,perimeter of a tnangle is 
greater than the sum of the medians. | 

K\ 2 to pair of iii turn ) 

I Construct a ABC, having gi/en tbcMengths of AB, AC and the 
.median AX ♦ 

] III re itic pioMi'iii i-' til pNo r AB. AX. AC i-" lii.ii X. C iiif ui a 
simijrht lino, .mil X i-* th'- "H'l i'‘-nit nf BC • 

Co isj.li-r thr til' of K\ 1. an.! l.ri’in h\ ■ '-i inn iitii.' Iho ABP I 

Tin* following <*Aalu)>l«■^ In- woiknl (Ujl in fill!. 

•« ABCi^ii , atlil X. V. Z tlic ii.n! I. . . Ilf 

Its skIos *Y0. ZO an- pitp to Ap. AB. nicinii).' 
lit 0. -lomOX. fiiid pron OX /•rp to BC 
.loin OA.OB.OC. 

Provo 

(I) till- ■ AZO. BZO ‘ ‘0 

(II) tho 'AYO. CYO loni/nioi.t .. 

DoiliuoOA OB OC 

(m)lho. ‘OXB-OXC ■ 'Thoor l.'il 

l)«flu.*o ^OXB -OXC a nvl.t tiJ.ul- 
HonooOX i** p‘’rp (o BC . atnl lift three perpejWicular bweclors of 
the sides meet atO. which is equidistant from A, B, C 
t). ABC wa . ami BO. CO hnis i tlii-_*B ami C im< tin,.' at O. 

Join AO. ‘iH/f ptoi f thni AO Ai«//0 ihi _ A 
fc/otn0 lirau OP,OQ.OR porp t"BC, CA. AB * 

Prove 

(i) tho ' OPB. ORB ' oni:nio*j (Thoor Pp 
(fl) ttfo • OPC. OQC ^)nt.'rmii1 jThoot pi) 

D^iluoeOP OQ OR • 

(up the • OQA.ORA fonyruonf (Theor. 14' 

Deinjce >.0AQ ..JOAR. 

Hence OA bw-cts the _ A . ami the three angular hUectors meet atO, 
which is equidistant from BC. CA. AB. ' 

Tho or more slraight lkie« which nie»‘t in a point are aaid 
^ to ^ concurrent. • 
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OEOMETRY. 


Diaoonal Stales.- 

» !• 

' W<* h<‘n’ (*\nlain. as an important applimtjon.of Theorem 24, 
tiu' (‘onstrijction T)n)ianon}il Si'ules. Tlieir use is to make linear 
ineu8urem<*uts of jjri'utcr iir'( uraev than is j)ossi]ih‘ with a 
j^mdiiahsl ruler. The S( aie , now dcseriln'd is </ /h'ritudl 
Didt/onal Smlc h show hirfies, Tt’/tth.s, fiitd Ilundn-dth.'i. 

A atrni^fht litu- A8 im rlivicii'd (fi<>m A) info rte hi"?, and fho points of 
tlivwit)ti marked 0. 1. 2. . . ‘I'lie |>ninar\ <li\isioli OA l'^ subdivided into 
IvnlkH, tlicHo jkTondiiiv di\i'Aii>iis being mimberiil (from 0) I, 2, 8»... 9. 
We may ni»w read on A8 uirfifs iii^d kiilfi.* of an inch. 



fn order to rend hitnHralth*. ten lines are taken at any ecpial int«rvnl.H 
jiarnllel t<i AB . and peipeiidutilarH me di.ittn ihnnigfi 0. 1. 2, .... 

The primary {or imh} divi-ion (MiresiKmdmg to OA on the tenth 
]mrallel is now Hubtinided into t^a n;.(iAl parts, uml ihagunal liucs are 
drawn, lus in the diagimn, 

joining 0 to'the/ir.d |S)int'of 8ub<h\ision on the 10*'’ parallel, 

., 1 to the .'•ooHif V .. „ 

„ 2 to the Ihtrd '' .. 

and HO on. 

The sealo w nov* eoinplete. ^nr,* its use w showr; in the following 
example. 

1 

Kk.» To Uik< frotr thf fcole a Untf’k of 2'47 inchfj> 

(0 Pla^T one iniint of the div.dera at 2 in AB, and extend them till 
the other point roaelu'fl 4 in the subdivided inch OA. We have now 
2*4 inclu'.s m the dividers. 

(ii) To get the remaining 7 AunifredfAa. move the right-hand point 
up the wr|K*'ndirular thnmgh 2 (ill it reaohe* the parallel, ^en 
extend tne dividers till Uie left fH>iht reachen (he diagonal 4 also oattbe 
7*^ parallel. *Wc have now 2'47 inches m the divulera. 







IHACJONAL RCALKS. 


REASON 1 -OR THE AMOVE I'ltOl’ESS. 

• t 

Tl»‘ Hrsi no 4*.\|)laTia!i"n. 'I'lir rt^nNon of 

(In- wsoinl I' (oujxl in tlir ('orollniv of 'rhctuliii '!$ • 
.Ir.tigntf tiu- jHtinl 4 to ihv (•oM«“‘jM^iriinf' point •<-ii 
the tmtl* mi* hiivo a Oian^lt* 4,4.6, of wlinft 

oin- Mill- 4,4 i'' (Iis-ffnd into ton ctpill] [•mt.** 1| ii mM of 
linc-H pftjiiMol to tin* ljn»i‘ 4.6 
'rhotrfon* till- li tin- par.illoU }nf«ccn 4.4 

uml tin- tliaconal 4.6 «im- ,*y, ji,. . "f tin- li.i'o, 

Slim h IS rnu'li. • 

IfojKo thesi* Ivrmths an* rt‘>])o« 1 1 \< K' 

• Mil, t»i!, iiH. of 1 iin li * 




it: 


4 J 2 1 0 


SufttliulV. li\ till-* ,il.- ilio of II nison slnii^ht lm«‘ niH> W 

to i)i«* ncan-st Iniinlic'ltli d an in* h • 


■. Noti.. Tin* sul'‘li\i-'i''ll of II <lii;:o|inl mmI*- nt»-i| not ilm luil. 

!''ot liiHtiirna* wi; niiL'Iit ‘ oiistim t n iJm;,'onal f*« ah to < •■ntinu'tn'H, 
millinn tri-s ainl of ,i inilljini'trr . in ttlin li i a'«o %m- -hoiiM tiilo* 

f'lur piralloU to tin* ftno A8 


EXKW’l.SFK ON I.INKAR MEA.srUEMKNTS. 

1. Drau sfraijrhl litu"i whose IciiL'tliH me I ll.» nn lien, 2 72 uiflifK, 

3 08 mein's 

2. Draw a lino 2-08 inehes lone. »»'! nien>ure its leneih m eenlt- 

metre.s and the neiin Hi niillmietrf^ • 

2. Draw n lino a 7 riii in length, ftinl measure ^ in in< hen {to the 
noarest hiimln'iltlil. Che<-k \oiir r» "ult In nih ijlntion, given that 
i eni. 0:W37meh. “• • 

4. Find bv measuj'eineiit the equivalent of 3 im lies in lenti- 
‘metres and mil!niU‘lr<‘<*. Ifeni’e enloulule (< or red to two <li < imal ]>Ih< es) 
ihij^valuc of I env in inches • , • 

T). Draw Imoft 2-9 cm ami 0 2 em in IvM-dh, and tiieawirr them in 
inchea. I’se eaeh eijuiv^lent to fiVl the value of I inch in cffttiinetrea 
and'milflaietrea. and take tlifa^erage of your results. • 

ft. A dwtanc^ nf 100 miles w represented on a map h\ I ineh. Vraw 
line« to repreaent^iistaneea of 3.Vi miles and 44i8 miles, • 

7. If 1 inch on a map represenis 1 kilometre, drat# lines to represent 
850 naettw, 2980 meir«i, and 1010 metres. • 

ft. A plan is drawn to the seahaof I inch to 100 links. Measure in 
ce^imelres and railljntetrea a line representing 417 linka. • 




GEOMETRY. 




SECTION. I. Constructions 

Problem 1. 

'fo bisect a (fiven angle. 



1 <'t BAG 1 m' tlu* ^ivcii anijlo to b<‘ bisertod. 

Cfinstruction. With n-ntiT A, ami any radius, draw an 
• arc of a cin h’ ruttini! AS, AC at P and Q 

With oentroH P and Q. and radui.s PQ, draw two arcs cutting 
At 0. dohi AO. 

Then tile .BAG is Inserted by AO. 

Proof. .Ran PO, QO. 

In the 'APO, AQO, 
j' , AP =AQ. l)ei..g radii of a circle, 
because.' PO--Q0. equal circle.s. 

I and AO is Ooniinon ; 

the triangle.s are ccftigrurnt: ThearAX 

so that the P'ao = tlie QAO ; 
tliat is. the l BAG is bisected by AO. 

Notk. PQ h«s Ikhmi taken as the radius of the area drawn from the 
eentrea P au<t Q. and (he interaeetion of those ares determines the 
p(unt 0. Any radius, howewr. ma} be nse<I instead of PQ, provided 
that it is groat^nough to secure the mteraection of the arcs. 



i'KOBLEMS. 
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Problem ‘2. 


To bisect a s(Tai§}U 



Let AB !)«• tlir lin<* to lx- Ii'm < (rd. 

Construction. * Wit < <'titt*‘ a, ami i.ului'i ab. 4lra\v two 
aro. oii»‘ oil .><1(10 of AB* 

With ccntn* B, and radius BA, dra^^ two aris. ojic on f-ach 
Mdr of AB. tutting tho first arc.s at P and Q. 

Join PQ ( utting AB at O. 

Tin'll AB IS lusfctrd at O 

• 

Outline of Proof. Join AP, AQ. BP BQ 

First show that the ,' APQ. B^Q ao' rongrin nt , 77n'or. I.'i. 
so tfiat th(‘*LAPCi fh''_BPQ. 

Thnn .show that.thn A'APO, BPO an- c-ongriU’lil . Thcor. 9. 
so that OB ; • 

that IS, AB Ls bisnct^-d at 0. 

f 

.VoteA. (0 AB WM t.ike# as (hr radnis of the arc# drawn fr»m the 
centres A and B, but eny radiu# maxtbc'. UHeii provided that it i#grcat 
enough to secure the intcrsei tn'n of the arr# which <leU*rmmc the point#, 
P and Q. • , 

(ii) From the congruence of the ,'.‘APO, BPO it follows that the 
-AOP-the i.BOP. As these are adjacent angles, PC^ 6Meci» AB or 
n^hi angles. 



GBOMETBV. 


Problem 3. 

J’o draw K str.iii)kt.Um[ perpendKiUar to a given ilraigU line at 
a given jminl in it .,' 



A P X Q 8' 


Let AB t)(' the strainlil line, niul X llic giv<'i> [xiint in it. 

Constniction. Witli (ciitTi’ X cut off from AB any t«o 
(Xiual piirl'i XP, XQ. * ' 

With |■l■nlr(■s P anil Q. anil r.iiliit.a PQ, draw two arcs'cutting 
at 0. 

Join XO 

Then XO perp. to AB. 

Outline of Proof. -lom OP. pQ. 

Show that tlio '• OXP. OXQ are eongnient; Theor. 13. 

HO that the _6xP~ the i.OXQ. 

Ami those henig atljacetit angles, each is a right angle; 
that is, XO is perp. to AB. 

Obs. If the ]ioint X is' near on^ end of AB, one or other of 
the aljeruative constructioiis on the i^xt pace should be used. 



PROBLKMS. 
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J’koblkm 3. SjxoNn Mewiod. 

Constructfon. Take any ixiint f 
outfiiiji- AB. 

With centre C, and nidias C^, (Iran 
a circle eiittiitp AB at D. • | 

■loin DC, and itdcIucc it tc meet 
tlie eirciliiifcrencc id Alie circle at 0. 

.toil! XO. 

Then XO is per]!, to AB 

Proof. , /oiii Clt. 

■ liocaiisc CO CX , the .. CXO the .. COX ; 

and tiecau.si;CD-CX , tlic..CXD *thclCDX. 

the whole ^0X0 the _ XOD • the _ XDO 
id IN)' 

XO is perp. to AB. 



Proiii-em .3. Tiiiiti) Mktiioii. 

Construction. With centre X 
and any radius, draw the arc CtJE, 
cutting AB at C. * 

With centre C, and \yth tie 
same radius, draw an are, cutting • 
the first arc at D, 

^ With centre D, and with'tjie 

same radius, draw an arc cutting __ 

the first arc at E. *, AC x B 

Bii#et the j DXE hy XO. '^rob. 1. 

Then XO is [x'rp. to AB. ^ 

Proof. Each of the ..‘bXD, DXE may tw.proved to be fiO°; 
and the DXO is half of the _ DJ(E ; 
the^exo is*90'. 

That U, XOj U perp. to AB. 
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(iKOMETUy. 


i‘i;OHLE.M 1. 

f<> iiraw 3 sfmiijit*’hni })eriH‘nilindnr to a givoit straight line 
from a giren jmnt (xihsuh' it. 


■ ) 


1 / 


\./ 

\ / 

\ / 

A 0 

c/Q 


/ 


I.rt AB It*' till' fiivrn sliitij^lil lm<‘ aii'l X tlio pvm point 
OUtM<lr It , 

Construction. Take any p<nnt C o\\ tlio snlf of AB n'lnotc 
Innn X. * ' 

Willi n'uth' X. ami radius XC. dniw an an' (o (nt ^8 at P 
and Q 

U i|li (S'nfrrs P and Q. and ratlins PX. draw urc.s,rutting at 
|Y. on the sidr of AB <i|»pi>'>ili‘ to X. 

dtiin XY rutting AB at 0 
'i'hrn XO is ^irrp to AB. 

Outline of Proof, .loin PX.ax, PY. QY 
Kirst show that tin* '' P)(Y. Q,XY t.iv conguiont ; Thcor.l^. 
80 that thr »PXY ■ the -QXY. 

Tlu'u 8ho\\ that tjie ’ PXO. t^XO are eongruent,. TJieor. 9. 

so that tlie_XOP =the_XOQ- 
And these being tuijaeent angles, tvieh is a right angle.^ 
that IS. XO H ptTp. tb AB. 



PHOULKMS ON LINES ANJ> ANOLEf^ 
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When th»‘ ]KHht X is in-arly opjio.sifr oin* (‘lul 
on»“ ofc other «>f tlie ailernutivi- tions given 

shouhl be fljotl. . * 


of AB. 
below 


* • IMium.KM •! S^o\i) Mkhivo 

Construction. Take anv ]>oiiit I m 
AB Join DX. uial l^i>e( t it at C 

With centre Q, ami laJiii^ CX, liiaw 
a < in lt‘euttinn AB al D ami 0 * V" 

Jom XO ^ 

Then XO is prip lo AB * * 

. Kor, as in l*it>l>!em J SeionJ M.-ihoJ. the i. 
anfile. 


C.- 


-0 B 
XOD is a M^Iit 


Pnoi’.i.i-\pt Tmi-.n Mlimod 

Construction. Take any two points 
0 anil E in AB. 

With lentre D, and ladiiis DX. draw 
an uri' of a iirele, «>n tie- .‘^idf of AB 
opposite to X. 

With centre E. and ra'Ans tX. draw 
another are <iitiin<i the fonn^r .it Y. 

Join XY. (lilting AjJ at O 
Then XO is ja rp to AB * 

(i) Provo the* * XDE YJE i ont'nnn 

so that tio-„^DE ^ the AOE 

(ij) Ilenre prove thr *; XDO. YDO eonument by Tlicor. 9, 
so that tiie ■flijin ent^_* DOX. DOY are e(jual,»^ 

Tliat IS. XO IS pi Ip to AB. 



• 

A D E 0 

6 

• 

Y 

J 

t by Theor. 13, 


The Cfnisiruefi0ft.‘< of Prohiems .3 oml i»are not uKuaJhj 
*foUou€(i in ]>rnc(nvi apph$ofion<i. *P(rjMmlif.ulars oh veil as 
^paraUeh are more rendibf tirnu n hij the aul of .id hquoren. » 
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CEOMETRY. 


Problem 5. 

.'ll a qive!} in % //( J’h stmhjht li)ie to moke <iu awjfe eqwd 



Lot BAG ln‘ thr trivon ani^lo. ami FG tlio pvon sfraipht linr; 
ami lot 0 )>•■*tlio'|)<>nit at \\liioli :m an^io is to bo rnaUooqual 
to tlio ^BAC. 

Construction. With o^-tiiiv A. atal with any radiiw, draw 
an aro «iittni;» AR uml AC at D ami E. i 

* With oontro 0. ami with tho .h^uuo radius, draw ajj arc 
cuttini'FG at Q. * 

With oontro Q, and with ra<lnia DE. draw an arc cutting the 
fornuTraro at P. 

Join OP. 

Thon POQ i.^ tho ro<niirod angle. 

Outline of Proof. Join ED*! PQ. 

Thon prove Ihor’ POQ. EACloongnient by Theor. 13. 

If \\ill follow tliat _POC"^l.EAD. 


rONSTUl'CUOXS WHU Kfl.KK t'OMPASSE.S OR ANGLES 

ov 3(t‘. 45'^. 

I, .4? (/ 0 in II •ftrairffil ht-t AB"' 

to rc)>Mtrw«\ on amile of tk)". 

Fnaa ^ oontro. with anv ocn- 
▼enlent nicUii'!. draw an arc ruttimr AB 
at X. 

From oentre X. with th( simr raditia, 
cat the first aro at P. 

Join OP: ««d without formAl proof sap A . 0 X B 

\\\x\ the^BOP==W“. 




CONSTRUCTIONS OP CERTAIN ANliLES, 
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2, *^1 <l jKtnit O III a sliui</lif linr AB 
foitMruct im iiuglf of IJO'. 

(i) xfus ivay fe tiuim hy 
nn ant'Io of ns nlxivc. nml ^ 

y by l*n»b. I. Tlif* cotutMutnin imi\ Im? 
nrrtnjjod as ni the Ik'ntp, and lus^ls no 
further exj)liination 

(it) Or, An nn^j^e of may W ron*^ 
struftfsl by tn'^eUmr a j-iylil nii'ile, lima 
With centre 0%'an(l an\ ladin-i OX, 
druw the are XR. 

At 0 draw OP i>or]) to AB (by I’t-'b X 
Third Method), nitetiiiL' tie- at' AR HI P, 
Frotn eentre P, •all r.ulin-OX. < iit the 
atT PXfit Q. 

Join OQ; and vjtv \\li\ ilie _80Q. 
30 ^ 



AO X B 


3. n }M)iid IM <1 '•trui'jht huf AB 
riniMnid nn oiiglfi of loT 

Take any pomt X in AH' and fr-iin 
centre X, ^vilh radius XO, dims tlie .ii<' 
OQ. 

{fence (lA- Prob. 3, Thud Afethoil) <iraw 
at X a iKTji. to AB, cull in;; tie- an OQ 
at P. 

Join OP; and aav the _BOP 



KXEilciSKS. 

1. ConJifniot (with ruler .-^d eumjia'seH only) aiikdon of (i) 120'' 

(h) m\ (in) 15’. (iv) 22^. (v| 1121 . (m) 157^ , 

2. Throuyli a iriven p‘*int P itraw (with w>t Wjnsreo) afra^rlit lines 

making the f«llowinj' anirles with a yiyi it Mrajflht liiw' AB : (i) Wt , 
(li) 30% (ill) 45'’. * ^ 

3 . Kaeh angle of an ofiuilateral triangle in f>t)\ fiav why; and uae 
thw projKTty to prove lliat in | triangle nglU anijM al C, if the 
nypotenuse AB - 2 BC, then the B - tki . 
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GEOMKTRV. 


EXERCISES. 

• < 

^{Oenr^nl ’J^keoretieal Con^ilruclion/i ) *- 

N.ll Oti'f the roji'<U'iiftinn iii enrh ru.sf. full fi>rmot ptnof is rfqnirfd 

ouhj ft'heu ■ipt'^inlli/ tis{-c(l for ; hut in nery example the re(tMon for the 
coiiitriietinifshouhl hehriffiij erjtlaindl. • f>raii' fxirullels nnl jx'rpeudiculars 
irith yi‘l sifunus nnltM olluruhe ihredfii. 

I If PQ n given lini' AB iit rmlif jinglc;!, prove that finy point 

in PQ H tsiuiilHfiint from A «inl B * 

Honv»‘ show linw ft) lin?\ in a niraight line XY a point which Is eqiu- 
• iNtiint front A and B. ^ 

When w lliN unpoitHihh* ? * 

2. I'our poitiiM B. C. D ar»‘ given in position. I'lnd bv consfruc' 
hon n point P such that PA PB. and PC PD. 

When H tins iinpossi[)h‘ ? 

Kind a pojuf jfiat is ejjmdistant from (lime given points A. B. C. 

^ In what poHit Ions of A, B, C would \ onr c ousti «.< (ion'fail ? 

4. P IS an\ Jioint on (he hisretoi o{ the angle BAC. Prove that 
perpendieiilars dinwn from P to (he ntnw o( the angle aix'ctpial 

Ih’iice aliirw* how to tind in a sfiaighi line XY a point e(pm|istunt from 
two iiiK'r.m-efing lines AB. AC W hen ik this iinpti^sihle ? 

i 

Show how to draw through a given c' ■ on 

point P a straight line parallel to a given _j»-_ ° ^ 

straight line AB with ruler and cotnpar^es ' */ \ 

only. 

[In AB taheany pod.i X. and Jilin PX At '• ■ 

the point P in XP make the _ XPC eipial ^o jT v ' q 

the _PXB and alternate to it. 'J’robiem .'i ] 

th I’r'im a given point P draw n -traiglit line ^Q. making with a 
given straight line AB Siii angle fsjii.gi tb a given angle L . 

7. 0 IS the middle point of a'straight fine AB. Prove that the jaiinta 
A and B are equidistant from any atraidht line through O. 

Henee Ml rough a given point P draw a i^r.ught line niieh that the 
jierjM'ndieulan* drawn to it from two'points A and B may W equal. 

Is this always poauible ? 



CKNERAL THEORKTirAL rONSTRrcnON>l! 
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H AB: AC arc two intersecting slrai^iljt 
litK-N. ami f irt a point within the _BAC. 
IJ-murwl to dr%w through P a straight hue nuvt- 
itig AB, AC at % and Y, and cutting otT c(]ilnl 
iiiicrccpts AX and AY. 

|ltit|?c^ the 4_BAC, and comiilcto tivctoimtruc- 



B 


!i Krom two pivcu (huiiIk PandQontht' 
'Uiu* «nle of a atraigHt line AB, it if’ rcqmriH] 
t< diinv fwo hucH mIimIi nu'ct in AB and 
iii.iKe cxjual angles \*nil It ^ 

(UeviHc a constructicTi uitli the hclj* of flic 
inljoitun^ figure, and*prove tlnif PK, QK ar< 
the require<l lines.j 



Id. ’P 18 a given point viiihin the angle 
AOB. Draw through P a siiaight line 
lennuiHted hyOA anftOB.^lnd bis 4 < !<•(! at P. 

‘ I'inkoaiimt from the adjoining figure, and 
' oiuiilcte the eonatniciMti. .Suppiv a proof 
•''le rheori'rn 2 tl.] 



11. OA, OB, OC arc Ihn-i' straight 
lines meeting at O. Draw a transversal 
terminated bv OA and OC, and IgWH-fed 
OB. 

(('omph'te the construefion from Ai- 
ioljoining figun*. working from a#\ jmint 
X in OB; and give a pr*>of See 
Theorem 2d.l 

• How many such tra^svi-r^als lould In¬ 
drawn ? ^ • , 



12. Tlirough a given point A *lraw a A 

straijj^t line so that the part mtercej-ted ' 

between two giwcn parallefo ma\ la* of P_X_ 

given length. / i 

When dt>ca thi^problein admit of tW4i 
Hidutiona ? When of only one ? And /' • 

when U it im|Kieatble T _i_ 

(Take any iwint X in PQ; and from Y 8 

centre X and the given length a.^ radihs. cut . 

RS^ Y. Complete the construction. Proof by^‘hcorem lO.j 




OEOMBTRY. 


loi 


. Problem 6. 

To divide asjivfn^str<fujhl luu’ into any nmnbej of equal parts. 



Ijrt. AB‘h*‘ ttir ^nwn struii'lit litu*. ami suppose it is required 
to divide it mto //»v- etpiul parts. 

Construction. Prom A draw AC, a stramdit line of uuliiiiitod 
lenj^th, niakinia any aii^le witii AB. 

Kioiu AC nuiik otT Inr ripml points of any Icnt^h, AP, PQ, 
QR, RS, ST. 

TB . and tliroii"h P, Q. R. S draw (with sot squares) 
par* to TB. nmetin^ AB in p, y, r. s. 

Tln-n simv tlu par'* Pp, Qy, Hr. S.t, TB out off five equal 
purt^ (nun AT, they also out ofi live equal parts from AB. 
(Thoorom 21. Cor.) « 


SFCDM) MKTHOn. 


From A dran,. AC at .inv iiiitlc with 
AB. and on it mark olT ocpi.il parts 
AP. PQ, QR. RS, of aiiv ronmli u 

From B draw BD par' tt) AC. ai.'d on 
it riiark off BS', S'R', R'Q', Q'P', each 
equal to the part.s inarke<l on AC. 

Join PP\ QQ'. RR', SS' meeting AB 
in p, q, r, .s. Then AB is divided into 
five equal parts at thf.se pointvS. 

[Prove by Theorems 2i and 24.] 



A P 



DIVISION OF A LINE IN A (UVEN RATIO* 


Not^. By moans of Prol). 0 wo may divido ii straight line 
AB in an\%giv(*n rttio (]»rovidod tliat the ndid can be ^x|nessyi 
in terms of wf»lo nuiniMTs). ^ • • / 

t'or suppose t(io piveii ratio is 3: 2. In fhis case divide AB 
into^cde(jual parts (as in tin* fififtn-) i>f whnlf Ar ijon^ains 3, 
and rB contain* 2. Then evuhuitly A*! is divnled at i in the 
ratio 3: 2. ‘ » , 

Or. nime penerally, if*the given ratio is m ». w*- imi.'-t divide 
AB into + « equ^l ])arth ; then if AX e«)iitamh m of tli»-se 
parts, XB must contain n So that AB is divided at X in the 
lutio »i : n. • . 

• 

E\KU((>i;s # ^ 

, 1 Draw a line of lenuth 7'2 ftii . aii'l 'iiveU* ii «nO> /Jfv c'Mml partn. 
Me<ihJi^e one of the [)ail}*, a tel \erif\ minn'i k .iii\ 

2. Draw (with <IiJ^onalj< ate) a line of 1< nirlli ^ n| iie le an-l <lj\ i'le 
It into eijual part'*. 3l«a>-nreonr pHit, und miiTiettrully 

• .* 

It. Draw a atrainht hne tvH ein loiif; m the ir«tio It 1 Meamire en* li 
part, and venfv by reckonimr. 

, • 

Draw' a line <i1 lengtli II H2 iii(lie«. ami divide it in the ratm i : !> 
Meaanro each part, and verify innneninll} 

а. Draw a line 6-7 cin. long. anij,di\ule it into fm e.jual partH, 
Measure one of the parts in im fto tlie n< arest }iijri<!red(hj, mid verify 
vour work by calculation. 11 t ni. n lytllT nn h. J • 

б. Find to the nearest hnndfedth <-f imh the length of n line 
which will represent 42-.'HKi kiloinetri's ni a map drawn to the acale of 
I.centimetre to r» kihmietnn 

7^ On a map <ff France drawn to rtie senje I iii(*li to Ik"* mih«. the 
distance from Pans t(» Calms is rej»n-weTif«-i^ hv 4 2 inelieH I’lnd the 
dwtance acciiratelv in miles. ftnii*,approxiniai< Iv ni kilonictrow. and 

express the scale in metric mefstne. jlkm Mnite, nearlv,] 

8. Draw a diagonal scale. 2 centimetres to represent 1 yard, showing ^ 
yards, feet, and inJhes. , 



OKOMKTRY, 


loS 

On t^k (V)nstiuictu)n of Tria^’ot.ks. ^ 

*In ^iitjKTjo consuli'rcd [Introdiicrton, pp. 3()-3tt] 

we have serti tluit • 

• • • • • 

(i) •ln order to <‘otiHtnn t triangle thee ^jmrts have h(M*n 

j^ivcti. for exatnple : * • 

(a) two suit's and tin* mclmf'd pnglc ; 

(/)) one j^de and the an^^lrs at «'iids ; , 

{(•) the thre(‘ ,si<ies. 

• • 

(n) A triangle cannot, he constnictcd fr 4 )rn a>i>i three given 
parts . for example, if tin- flinr nm/Zcv arc given (and no side),' 
the prohl^ni is indeterminate tliat is, an nnhniit4‘d nnnib^Tof 
tnangh's nia\ he «lia\vn ha\im: tlie LM\en parts. , 

’I’lie r 'ason ol thw is that tin' in this case are not 

drill, for if /»'<! angles are gi\en. the tlnid is known necessurilv. 

» • 

(m) That even ulnm the tliFt;!' part> .ire ind^'peniieiit. they 
niav have to lie in soim* uav re^trnted or related before a 
triangle can he <lrav\n from tln in For exanijile : 

• (n) if one side and the angles at its ends iftr given, the 
.Slim <*f angh's imi>t he h-ssthan IStt'; 

(//) if the three sides are given, then the sum of any two 
must W gie.ilei^th;yi the tliird. 

(iv) Lastlv. ff the given |Mrts are siiflicient on construction 
to lix the sl/e and shai)e of the trni^igle, tiieri all triangles having 
the same paits must lie congruent 

• 

tVe shall giv«^ instances <4 the constnntion of triangles 
where the data are not neiVssanly all sn/e.v oufjlrs of*the 
triangh'. Ti' such cas»'!^the saigt' general ohservutions apply : 
nam^'ly. * ^ 

'l^nr iiuh'iH'iulrnl data a»‘ re<pure?l ; and if. the given con¬ 
ditions are possihle. and sullieient to dett'nn^ne the triangle, 
tlien all triangjos fulfilling tliese Vonditions are congruent. 

(The simplest enses of ooiwtniotion of triangles, already dealt with 
u\ the Introduction, lu'e^l no furWier evj^anation . but a few »tirc 
examph'a w'iR be given for prwctu’c ] 



THE AMBKJl'OU.S CASE. 
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l*KOHl.KM 7. , 

• * * 

To consfn/rra^lnaitfjlc ABC loiriKti <fi4ui»(uui st'h’flh, r) and 

aUMltJlU' (B) OplH)S(ft' fit OHf (if flu III •, 

For cxanipNs (’(mstnu-t tr^an*')** having pVrn /f-fiOon., 
^ l citi.. B 4 



Construction. Tak<‘ anv straijrlit lin<‘ BX. and at B inak*- 
iIm' „ XBY ((ir B) (Mjiial to .’it) 

* Frotu BY cut <*n 1(111.(1 to f fli.ii i'-. l<* (- 1 im (TIio 

<iiajxramV diawn to li.df ti*i:fs(al«' ) 

Front triitrc A. and with r;tdiH'>- / (or 3t» i nt ) draw an arc 
of a * in !o. 

• • 

This an-, m the [in-s'-nt case, u ill he fiuind to (ul BX in tuip 

j)nint,<: C, and C,. f»ot!i on ih.- .siiii'- side of B. so tliut Itotli 

trianiilcs ABC|. ABC> "alisfv ili.'^'!\* n < oii'lilj'.ic 

• 

Tlii.H doiihic s(plntion i> kiioun a-' the Ambiguous Case, 
atnl will (M-cur wln-n l> is h-^^ flian c luit greater than the 
IMTjxTidicMilar from A on BX* , 

j('om))ftre the Ambij1iMij>-( a''' in tin ■ •'iii.'njei.i« i.f ltiiUi|;!i rt cxjilBiticpi 

onj) 71 I , • , • 

K.xViri.K 

• • 

Draw fijjiiroR tn ilIuKtiafe*tfie naiu-*' aiKt riundwr -if s<.)iit»<inH #0 the 
following niw'fl: 

(i) When b w ^re.iler thati (Say h H il cm ) 

(ii) When b w equal to r * 

tiii) When b w wjual t>' the |»orj>etn)j’'ular from A on m thw ease 

• 3*2 cm • • 

When 6 » than tfaia perpendicular. 

^ • * 
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QEOHETRY. 


l’l«)lll,EM 8. 

• • • 

To ronMfiiot a wmiy-AiSfiLEn Iriamjle ABC l/hving given the 

hijjHili niisc (c) iiinl*oiii' siilc {h). , 

For <*xiftiii)l<’'toti3truct a (rlllll^I(> Kivcn C ■W'', c=7'§ cm., 

f ' * 


_ t A O B 

Constructiou. .Maki* AB to 7 tl cm. for the hypotenuse, 
niid lu.-^cct it at O With centre O. iitnl raihus OA, draw a semi- 
eirele. • 

With centre A. and radui'i h (Hi^it is. .I'G cm.), dra^ an arc 
euttin)( the semi-circiimfereriee .it C 
.loin AC, BC. 

Then ABC IS the required triangle. 

Proof. .Iqjn OC. 

Hecaii.se oK -OC ; 

■' .'. the .OCA the _OAC. 

.\nd hecau.'.e (98 - OC : 

.-. tlie _OCB -the..OBn. 
the, whole _ ACBthe - OAC + the L OBC 

'= 1 of 180” ■ ■ Theor". 7. 

• Or thus : Draw AC <'f the given length h, and at C^draw CB perp. to 
AC And <»f indcHnite length ' 

With t'ontre A. and radius equal to the hy|>otenu«‘ r. out QB at B. 
Join AB. Then ABC is the rct^mrod triangle. 

Observe that tao {‘otujruf.nt tnanclfs may rfrise fnun this conatruetkm; • 
for CB may Ifc cut on either anie of C. (‘ornpare Theorem 14. 




ON fUE CON&TRUCl'ION OK TUIANOLKP., 


m 


{Draw jxiral(i^ and ular.t uith .»d s<uiiir</i,^au(^aHglt* wtlfA 

protractor, unk*<t otficnme iiimU'l. In each roj-f i>y mUktng a rough 
/re/-h({n(L/<htch.) ^ * 


.flB 4.V. 
tii'-aHUio atnl 


1. I)ra« ft tna^ipl*' ABC in wlmli h ri .I (in . < li S « ni . an 

Clin mnrn llian dtie trianj;li* luivc tlicM* ? If so. ni'-i 
cuinpare Ihc unuli’s C • 

2. (Vin'»truft a trilnulc ABC ru-ht aiit.'l<’'l af C. liiuitia c 4 P*. ami 

a - 2-4'. ’ • 

3. Draw a Innnjilc ABC in \»hi<fi B c »W» . ni . h f) 0 cm. . 

ami allow Uial tin- > It 'lom- 1>\ \ w" < oiiNtnn tiom* 

ItiiDc of << n (iiir. ami liai’intr an 
• ■III ((iiirtf»m I Mil * 


4 Draw un I'tr.rtc.-lc'. trmmjlc on 
allitmii* of !n3 nu (Jim- rcaions for 


5. ,0a ft I'.iJM* of Icn^'tli 2 4' coustimt ,in now* 

A vertirftl amjli; of 4S IVRcnhi' y-nr < onvTrm i ion. 

for it • « 

6. Co/fetruct tnanpIc.H froti^ irfif f-^llowm;' (hu t 
how many aolufiona tlmrc' arc, ami wtati t)i<' u aMon 


h's t iiam'lf litti in;: 
ami ^'i\c ft reason 


(1) 6 
* 0 i) a 
(in) 6 

(i\) (1 


2 H'. 

r> H l Ui , 
UMi cm. 

1 2 '. 


H ;i (m . 
7 I { III , 
2 n*. 


}K 

in: 


7. Knmi the fiKit of a Iichtliofk»e L two nhi)!* A ami B. nlmh 'in' »)<mi 
yarfU apart, an- (.*b»ervc(i in (Jin-ctmns S W aml,l.*i’ Kaai of Sonlh 
iX'apiH-’tiiclv. At tho flftnie time 0 n* miseiM'd from A m a •'' 1> direction 
Draw a plan (scale I' to 2t*t) >d'A), ami lin*i hy no aHuieinent the diatam e 
of the li;rhth()nv from < mi h 'Inp 

• 

8. Draw a n;tht an;:l*d trmi^de, yi\en that the hyjxilenma* 
e-«10‘6 cm. am?one side <i ft tl cni* Mcafiuie life third side 6, and 
find the \ftliic of ^ f- d* CompMre the tiio fi-uliM 

9. * Draw with cnnipawesj^ml njler n trian;tlc PQ,R ri^flit-angUji at R, 
given that the ^ypoteiius<^ 7{ 2'. ftf*! the «Q t’si’ Without 4‘irnmt 
proof, ffivf a reason for vour (tion 

• , • 

10. Two straight roads, which crow at ncht ftiiglfs at A. are carried 

over a straight canal by bridges at B nmi C The dwtanee U-tween the 
bridges is 461 yards, and the 'distance from f]ie crossing X to'fhe hrulge 
B<is 261 vards. Draw a plan, aii4 by ineasureinent of it ascertam the 
c^tance irom A to C- * * 



Ill 


CKOMKTRV. 


coxsTBiK TKix OK TKIANOLES {continued). * 

11 (’n*.H(ni» t ft fViftn'.'lo, having? |s'*v<‘n the following jjartS: B -34^ 

V) * 0.0 cm HT) cm, f^ow that then* are two aomions. Measure 
till' two vftlui^ of C.^ail hIiow that these are sujjplemehtary. ^ 

12 It 4 a*timngte ABC. the angle A 50’^, ami 6 cm. fllustrate 
bv (igures the cases wlmit ansi* ift constructing the triangle, when 
(i) a 7 cm. (n) a t) cm," <iii) a cm. (iv) a .t cm. 

« 

13. Draw a , ABC nirlit anglcil at B. ami li^t'Jng the livpoteiiuso 
AC 2A8. ^ 

Hence show how to construct an isosceles triiinglc in which each of 
the eijiml .sides t\>i<v tile a^itude.# What will be its vertical angle ? 

11. (i) Constnii I an isosceles tiiangle liavinc a vertical angle ot.TO”, * 

and the [HT^cndiniiliir fiom ilic vertex on the base i>f length 8 r> cm. 

(ii) Diaw (Hilh itilcr and com|)asses only) an isjmlateral triangle in 
winch the pel [leiidii iil.ii ftom one \eil<'\ to the opposite side is 8 cm. »* 

(Where the |ierpciidieular fiom fhi* verti \ on the haw* is givefi, the 
jieipemlii'ular .should he drawn first . then the base nmst he in a straight 
line of imlctinito length .it nglit angles to the^er[)cftdieular.| 

(’oiistruet a light angled 1 rmngle^iiumg given the length of one 
siile eoiituining the right angle, and the |ierpeiidiciilftr from the right 
angle to tiu' hypotenuse 

To? example • let tin* sub' li .7 cm , and the perjicmliculftr ."i ^ cm. 

Show that Ihcic luc two solutions, and that the triangles obtained are 
< ongi iienf 

111 (’onstruct ft ' ABC m which ftie perpemlienl«r from A to BC 
for BC produecd) is j It cm., and th^ sidi's AB. AC are ."> 8 cm. nml 8-0 cm 
res|Hs-tively 

Show tlinl then' aie <*>lu(ions. which may bo groujKHl in two 
pans of congruent tiiangle*' 

17. t’onstrnet n iiABC, hftxii^Vt'en 40’, _C 70’, and the 
piTpcndicular from A to BC 7 0 cm. 

18. (’onsinict ft triangle ABC (witJfout (irotractor) having given two 
angles D and C anil the sale h. 

It). From 8 the fool of a flag.statf AB a horizontil line is drawn 
paasmg two }v>mts C ami D whieh .ftre 27 feet apart. The angles BCA 
and BOA ar** 0.V’ hiuI 40’ i(*sj>ecfively. Ilepre.sent this on a iliagram 
(scale 1 cm. to !0 ft.), and find by measurement the appniximatc height 
of the rtagstatl. ' , , , 

[First constrict the >, ACD.l 
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• 

20. Troin P, tho top of » hirhthouBO PQ. tMo iHmtN A wml B bh' 

seen Ht ai^chor in % htu' <luc Honih of tlir li^'hihmlkt- It ih knoHii tlmt 
PQ 120 ft., *|PAQ o/ , _PBQ iKl ; In'iur ^nn in wlfidi 

1' reprt*H(*nt.i IWJ.ft . iind find l»\ nif^anunMil^ntTyi* dixliimr A 

aiyi B, to tile nearest foot. • 

• • • • • 

21. ('otihtnict a rijh> an'fhd triiincle, Inuinj.' ):iv<-n tlie Inflilh of tin- 
hvpolemiHc anfl tlie 'nim of tin- MMiiHiiiinii Ifdof- n and h 

For example . r *.’) ;t < m . and n -/» 7 :t on • 

Show that in tln-re are lu'o ••oliitn-ii''. and prarf that the 

tnanj’lee pbtamiMl ar* eoM>;nieiH ^ 

(Draw PB of lenifth eipial to (a ■ f/) Ai P make an an>;le BPR I'*'. 
then (Himpletr the coiiHtrm ti-m ] • , 

. 22. f'ln^truet a frian^rle haMiij: yi\en the peiiinelfe .and lh« 

at tin- bjiM- For example. <!•/>• .• 12 « m . B "(l . d ho 

[l)raw PQ of lernrth equal to {u h ■ f) Krotn P draw PA niakiuf; 

.^QPA - iB. From Q draw QA makiiu; ^PQA .JC romplrie the 
eoiwlruction, and explain the n U'on foi n ] 

23. t’onstniet a fnanfUe ABC from (he folh.vMiit' d.*t i 

• fi t; .7 em . Itiim. iital B <>'1 

Test hv meaannnt' the hnt.’th- of /» and r 

24. Consttuct a trian^de ABC from the fojlownij; data: 

0 7 <‘ni . e // ( (in . and B W 

.Measure the lentrths of /» and r 

25 (’oiiHtniet an trnyiuh^ABC. haxm).' ^iven the jMrumter 

and the lenirth of tlie jierpendn ular from the \.'it» x A to tlie )>aw BC. 
Suppo-ae a ^6 * r 3 S', and per|«-iiHu ular 12' 

What relation mu«t exi^t l>et»iM n the m okI( i that the eonsirie- 
titiii may lie jiossjhie ? 

' 2tk Coii-stniel a triantde ABC, IjpvmapivrnBC^ 3 U". ~B 7() . and 
Ih^ me<han AX •*2 5*. • 

27. Construct a trianirle ABC)* havinp Jiven the letiuth of BC. also 
the lenptha of the medians ^Y. Cl • 

(See fip. p. ^ Take •Aih-thirdsar.f BY. CZ , and begin bf ion 
atrueting the OBC.) 

• , 

25. Construct a tnanule ha\ inc ui%en the Icneths '4its threi- nnsfiana. 
[See fig.> p. 92; and begin by coniirueting the > OKQ,) 


UShQ. 
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GEOMETRY. 


The (’oRgTBOCTiON OP Quadrilaterals. . 

• • 

It has be^n tliHt th« sha^x- and aizt! pf a trianffle are 

comph‘l(‘ly «b*t(*rn»in«‘(l whm th«‘ l<‘nptbs of its throe aides afc 
given. ^ (^lidrflateral, however, is not completely determined 
hy the lengths of ita f^r sidea. From what ‘follow.s it will 
Hj>|M‘ar that /[r«*inde|>ehdent data are required to conatnict a 
quadrilateral. 

* Vroblkm 9. 

To rohslniff a ijiinf^rHatcml ASCD. (jiren the lengths of the four 
sides (a, b, c, d), and one angle A skoum in tlie figure), 



' Siip{K)se rtr-6'6 cm., 6--30 cm., c-i’2 cm, rf^51 cm.; 
and » A 59'^. 

Construction. Take any straight line AX. and cut off from 
it AB equal to o. 

Make the l.A to cont.'^in 59'', as given. 

From AY out off AD equal to d. 

With nmtre D. and radiiun c, draw an arc of a cirde. 

With centre B.’and radiu.s*/;, draw another urc to cut the 
former at C. 

Join DO, BC. 

Tlkui ABCD Ls the required quadrilaUral; for by construction 
^the sidovH are equal to a, h. c, d. and the l A is of the required 
size. ? 

XoTK. Observe thst the arcs drawn from eentrea B and 0 iriU meet 
(if the data aty ^Hiiwible) «.t tuv pointe. If B and D are joined to the 
other point of, intrreection (C')f notice that the lBC'D will be reflex. 
Examine the case when b t-c-the diagonal BD. . 
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/ • 

^ EXERCISRH. , 

* • • # 

1. Drew ft faroildoqrnm ABCD (mth njlor#n<i c< 4 n){]intot). hAvins 

given that the adlaeent sides AB. AD are 3 r An4 W n-spevlively, and 
tht inehided l A -(50°. ^ • 

Ex'plAin why these data anitiunt iiuiepetideift ritnihti^ns. 

s • 

2. Draw' a wnia^* on a side of 2'.")' set wpiiirt's). Measure a 

diagonal ; and test your corwtruction by wtokiig out (cnmn-t to 
2 decimal jdacos) the /ornStila that}. <>f /‘qunre .«»//■ * sj'l. 

3. WAh niler and compasses diaw- a Kijuare^iu a di.n;oiiMl of 3 O'. 

4. Draw* a rhoinbtts oaeh of whtse sidoit is (Kpinl to a j^ncii stiaight 
lino PQ, which i» al^) to be f»ne diagonal of ihe tigure. 

6.’ Draw a parallelogram ABCD, haviug gnen tlia^ 

(i) the two adjacent sides AB. AD ar(> t».'> < ni and 4 .'i <m . and the 
.^diagonal AC • B o cm. 

(it)* AB - O ") cni.. and the (IrngonalH AC. BD arc B cm ami (5 cm. 

6. Draw a n^cijncle m which one sole -1 K', and one diagonal .'l-r*'. 

7. CiAstruct ft parallelograq^ ABCD (with set wjuan's and pfotrai tor), 
hftTing given 

(i) AB-7cm, the_A and (lnig<.n.»l BD Bern. 

(ii) AB~7cin. thei-A rM , ami dmg<<nal AC II o cn# 

Examine the number of solutions m each i-ave 

8. In a quadrilateral ABCD, 

AB em., BC 2 o cm ,«C0*-4 d « m . and DA 3 3 cm. 

Show that the aliA|)e of the quadrilateral is not w Itlcd h\ lhc<M- ilafa. 

Draw the quadrilateral when (i) K , (ii) A flo . U hv d*»e» th-' 
conatniction fail when A - KK) ^ 

Find graphically the least value of A for which the <<>nhtruction fads. 

' 9. Show how to construct a quadrilateral, having given the lengths 

of the four sid^ and of one diafo^al. What (•iridiiions must hold 
ai^ong the data in order that the problem may be jM«sibIc ? 

niustraie your mctho<l by c«>t>j>tructing*a quadrilaieral ABCD. when 

(i) AB=^3V, BC-l-7', CD 2.V. DA^2B''; diagonal BD ^ 2 (S'. 

(ii) AB-3-6 rm., BC -7^‘cin., CQ --(S B cm . DA o I cm , 4id the 

dia^nal AC -8*5 cm. ^ 

10. Coastroefa quadnlatcral ABCD, having giver^three sides and the 
two diagonals; namely, 

AB-82 cm., AD -7'4 cm . ^C =^►•0 crfl., 
m AC-8-4 cm.? BO^^-Ocm, ^ 

[For further Exerciaea on Quadvlaferals, sag pp 118, 148, 153.] 
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* \ 

MiaCELWNKOUH EXAMIM.ES ON SECTION 1 

1 ABCCXiH a pivruUrlturrnni, AB ih [jpuliioptl to E s#/ that BE=AB; 
prove that ED hiseet'^BC. 

'riuj hw«‘('toa of the ftn^'lesfe and C of a trianale ABC mtefat X. 
Ihovc that LBXCwohtiHo. * « 

:t. ABC and ADB are'fHo trmnt;Ios on the narftr aule of AB. «ueh 
that AC BD. and AD BC. If AD and BC«niter(H'< t m P. prove that 
tin' trttinj'lt' APB h 

t. ABCD a H<|n»rr. ntnl E i* the imd-poinl of DC. A eirclo with 
o(‘ntr<' E 'ut-H ad hi P nrxl BC iHiQ. Prove that the tri(\nKle'< PED 
and QEC aie cnn^niont Prove also that BP and AQ aro equal. 

o. ABC IS a tnan^ile and the side BC h produced to D If the 
Inseefor of tlie ahyh' ACD h parallci to AB. |>iove that the tnanj^le is 
irt. .si'clen 

I* The mtenor unities of a ([undnlafcial ai*' til . lOtP. tUami 15(5°. 
The hisectofs of the «'\(eiior aiiLdes form :i n<-\v qimdrilali'ral. Find 
the interior anuloH of this new niunlnlaferal * i 

7 On two inljacont snU’S AB. AO paiailt |ni:rani ABCt'. sqiiarea 
ABEF. ADGH aic descnhed «‘x(ernall\. Pro%«' tliat HF is equal l<* the 
diaiional AC “f the paialleloitrum. 

S.* 'I'lie luiule BCA of the triaiitde ABC is twice (lie arfiile CAB. and 
Its hisector iiMH'ls AB at N The p<*i{M'n<lieii)ai fn>ni N lf> AC meeta CB 
produced at F. Pro\e t)mt the (nauiile CFA is isosceles. 

‘‘ O is a point inside a In iii'.de ABC such that -OBC - 5 .-ABC, 
_OCA .'j-BCA Prove that _BOC'(i0°- CAB. 

10 Till' dmi'oiiiils of a p!iralleV>i;rnin are •• S cm and 5 0 cm. long, 
and are inelmed at an angle of 07 '. (\niBtriiet the figure an<l measure 
Its angles 

U. OAB is a tnangk' in which OA OB. ai'id la such that if the 
hisiH tor of the angi'e A lutaOB.MfK. then OK KA.^ Pmve that ton 
triangle.s eongruent to OAB enn be litted round O to form a regiNnr 
ten-sitU'd figure. ‘ , 

12. t AB and A’B' are two I'qunI straight Iinea Find a point C such 
that Mu* triangles ABC. A’B'C ase MUignlefit. 

• 1.1. The two angles A and B of a triangle ABC are hv,soeted hy straight 

lines meeting in 0 Prove that the an^ie.ACB exeeed.i half the angle C 
by ft right angle. 

U. In ft triangle ABCdhe side /yB is greater than the side AC, and 
the bisectors of the exterior angles at B aiid'C meet at D. Prove that 
DC is greater than DB^, * 
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^BCD in a |)aralU'l>>yraTii. BC »>• produci'cHn P, ninkitij: CP CD. 
and BA la produt'cd to Q. innkini: AQ AD. that P. D. himI Q. 

are ool]m?ar, yiat w. HI the HHMU' hm'. • ^ 

Id. From the Vertex A of a rielit nnitUnf lnH#K<!e n per]M‘iniu'iilui j»» 
(lrtiw<ii to the hypotenuse BC Tlie^nse<tor of luieh' B ineetH tins 
j>ori«*mlieular in P and hutis AC in Q. Prove ihifl thefn|nple APQ 
in isosceles. • • 

i 

17. A. B, C. D are four points such that AC AO. and BC- BD 
Prove that any point *011 Uie Iitu* AB is ecjuidisintii fo in C and D. 

18 . sfiow that the straii'lit line jomii.e tfl.- iiinidle jx-mfh of ih.- 
dia^onala of a tra|M*2iuin i.s parjilhi to the in" imndlel sidrs of the 
trapezium and eijual in leiiLttli to naif tlu^r (iillentm 

• 

19. A,' B. ttar** tliree jiuints ..ri u l<ni | {>|.iiti . it !>. re.iuiiri| t<. tun a 

line thrmmhX parallel t.i AB ILov w-.nld \< u flo it\^s tl \>iu are 
piovHlwl with a nieiisiiiin^ tape tml "onie p* v' ' m<t}i<ni 

20* P, 0, Q are three pmnls ni Ifiis otdet on a slt,iii:lit line An 
acute ani^le POA is drawn on .me -ide .-f PQ. iind an a . 'h- QOB ‘Hpml 
to three times POAiH dmw n "ii tie other 'id' . f PQ. OB I'einc • 'pud to 
A. If AB eutM PQ at C. proxe tl.at OC CA 

• • 

21. U ABCD iH a ‘sju.ire. mid AL. BM are drawn p* r|« n.h< ular lo miv 

line lhroui:h 0. an<l AN i- diaun iieria ndi* ulm t-- BM or BM piodiued, 
prove that AUi/IN is a M.juare. • 

22. 0 18 a point on BC. a ^1de ..f an e«iinliili oil tnaiicle ABC An * 
e^juilateral tnanjih* COE is de..( ril>e<l oi* CD. ih* \ ertiee.. A an<l E heme 
on opposite sides of BC l*ro\«* tlujt AD BE. ai<l if AD ptoduted 
MKs'ts BE m F. pro\e ifiat the lAieh- BFD • 

23. AB and AC are two -trmeht itnes o-jio-M-ntiRe imlwav Iuh«. and 
P is a villaiie lyinit het ween Ih<*ln. w he h ij kiio\» n to he n* a KlriuL'hl Ihk' 
with and eouidistant fr.'iii two Mtateum ..ni- "U eiw li lii.e , find the 
position of the statioi^ 


2A. Draw' at^ irn^yular pentaii'fi.^hHMne emhaof Hs aneles irii.;<n.r 
than a rif?ht angle; pnaim-e the >*Mles of the |n ntayon »k to form a 
fivC'pointed star, the points ‘if finestar Iwiilp • Ih' iriterw. tI'ln'* of Hlt4'rnale 
aides. Prove that the sum of the%ntfics at the points of the star i- wjual 
to two right angle*. *•* ^ 

25. On opposite sidea AB, CO of a wpiare ABCD etfiuilaf/'ral fnanirh's 
ABE, CDF are Beseribed outsj^lc the -luarv, Pn.ve that DE and BF 
are |>arallel. • 

2tt. ABCD is a rcctancle whose «haironrd AC w twnV the aide AB ; 
00 is produeetl tr> P so that DP ' CD. If U i> the middle p‘.int of AC, 
wove that OP w perpendicular to AC and ♦sjual to AD.* ' 
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27. From any point P in th« base of an isosceles triangle ABC, 
straight lines are drawn parallel to the sides meeting them in 0 and £. 
Proye that the sum of PD and PE is the same for all posit^ions'of P. 

2M. The sum of tbeangl^ B and C of a triangle is 105°, and the angle 
A exceeds the angle 0 ny 40°. If -2'. construct the triangle. 

20. In Un aoute»angie«l triangle ABC in which AB is yrent<*r than AC, 
the Itties <lrawii from B. C Si*r|n*nilioular to the opposite sirles intersect 
inO. Prove thrtt4)B is greater thanOC. * 

:I0 ABCD H a parnllelngrani. Kqual straigKl lines CE, DP are 
drawn in oppo^it*' direct ois ((mtside the parallelogram) at right angles 
to BC and DA respectively. IVovc that tF bisects CD. 

Jtl. In a triangle ABC th^ side A^ is greater than the side AC ; the 
angle BAG is hiseeti'd l>y u lino iinyting BC at D. i5how that the angle 
ADB IS obtuse. ^ \ 

32. A quadrilateral ABCD has the adjacent sidea AB, AD equal, 
and also (fie opposite angles 8. 0 e4iual. Prove that its diagonals are ‘ 
per[«’ndleular to each other 

3.3 (’onstnict a quadrilateral ABCD in s.hichi the side AB=2'» 
-ABC 120'. the diagonal AC V. and^thc suhis CD and DA eqeb=s2J'. 

If DE IS (he i>cr|KMi(li<'ular fn'in D lo^AC. pr<ive that it bisects AC 
and the .iD. vShow by measurement that DE AB. 

34. * In a triangle ABC the angle A is (U)°. Prove that*CB + iBA i* 

, greater than CA. 

35. ABCDE, ABPQRS are pc.s}>e< tivelv a regular iientagon and a 
regular hexagon desotibed on the nn^e side of a given lino AB «Ioin PC. 
Calculate (he .size of tlie angles QPC. PCD. 

3(». Kind a (S)iiit* P in (he baso*BC of a triangle ABC so that CP is 
equal to the p<irj>endieular fnqn P on AS- 

.37 Construct a qiiadniatenil ABCD from ,the billowing data: 
AB .3 2ein.: AD Ii>Scin . .:.BAD HtV. the diagonals AC. BO are 
equal and include nn<angle of f»4°. . Explain your construetion. ^ 

38. Make an aocun^U' drai ing of a quadrilateral ABCD, having the 
angles B. C, D res^tively 2, 2). ami times the angle A. the side AB 
3* in lei’glh. and the opiMisite side 1'. Justifv vmir construction. 

#■ ' 

33. Construct, explaining each step, a quadrilateral ABCD with AB 
fiaralJel to DC. i.BAO -- 135°, 4-ACD DC = 2', DO = 2i'. 

40. CoiivStruct a quadrilateral ABCD with AB —1*, AC=2*, angle 
ABC -00°. and the triar^le AOC equilateral. Prove that the /.BCD=90”, 



ARIAS. 


<119 


. SECI'KIN II TtlKglMCHlS.* 

On ViKA.N. 


Dk.fim'iui.ns 




1. Thi‘ Altitude (itr height) a paruilolojjrmn with ivfrr- 
enc»‘ t 4 a giv(‘n 'sidt- as liasi*, is thf jMT|). jidirular djstaiuf 
bctw«M*n tha Im-M* and tin* oppoMio sido 

2. Tin* altitude (or height?of a 4nan”lr with n-f'Toino to 

a givoii silh* as*haM*. is tin* jit‘i{>riiii!i ular (li>t;tin« of the 
0 |)j»)'<it«** v»Tt<‘.\ from tln' ha-'o ^ 

Obs. It i.s t'loar that iHiinlb huirnin.-^ ni hJikIi uir 

h'furt’n fhe .sfnm’ ^xiralbU luivr th’ sauu: aliifmU 


For lot AP an<l DQ, I'** llio ahi- 
tmlos of the ‘’ABC.^OEF. wlmh 
aro bot^^pon I ho wmo paralUln BP, 
GH. • 

Then the fi^ APQD in ovidonlly 
a rectan^lo; 

AP DQ. 



(’ONVEHHKLY. Pfirnlbb^fniins ami triamik'< whirh harv th‘ 
same (lUit^ide mnff l>e so fdaad a.<Jo Ih' fniin > n /hr samt jxitaUrlM. 

Notk. When two pamlh-loirmniH. or Im-. tniinylon. Hr«- an 

being Ixitcttn tht Mmr j^iralUh, it it^alwuv- uiMlenft«>o<l that tlio hgure* 
are »» placed that the i)o -.ii <.ik* uf^tlio piirullil't. and ihnf the 

opposite sides of the fiarall^ tor ftio Mrinen <.f ilio tnnniihi | !i« 

on the other parallel.^ 

3. The* area of a finun* is^ln* aniomil surfa'-e contained 
Ti^thin its boumlin" iinos. 

4. A square inch is an «tea equivalent to that of a wjuare 
drhwD on a aide one in length 

5. Similariy a wjnare eontidietre is an area eqnivafent to 
that of a squart* drawn on a side one centimetre in length. • 

The t«TTn» square yard, square friot. square metre a/Sr. Uf be imderKUKxl 
in the same nense. • 

^ 6. Thus the unit ijf area js tlie area of a w|iiarf on a Bicie 
of unit length. 
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OKOMETRY. 


^ Theorem 25. 

Area of a^^ecfanglQ. mimlHT of units of area contained 
in a r»*<'tan}'h‘ is thf^product of the nuinber of ’linear units in 
Its h'lij'th and hnpuitli. » 


D . ^ C 





1 ! 



1 ; 



■ 1 

• . 



A B 


fed ABCD represent a n'etanu'le wliosr Icnf'th AB is 5 feet, 
and whose IneadMi AD is 1 frrl 

|)i\iiie AB into .5 r(|uid parts, and BC iy.to l.cipial parts. hikI 
tliroimh the points of <llM^lo^ of each line draw parallels to 
the otlier. ‘ ‘ 


The rei tanjjie ABCD is in>v\ dividi-d into comp.vrtnients, 
eu< h'of which represents one wpi.ire biof 

No\s there are four rows, eaeli eontaininii 5 scpiare.s, 
tlie rect<uie|e eotiOiin.s \ 1 s<piare feet. 

Siinilurlv. if n deinde.s tin- immhr <if linear unit.s m the 
len^jth. and h th«‘Vooa/j<a of Iirfr.ir units in the !)n‘a<lth. 
thi'}! the rvrhimjlti c<>c 7 w/a.>*ab nn\tx of area. 

Aial if eaidi side of a si[uare «(Uitainso hrnii'ir units. 


tlif .s’^aror co///aooia- mnfs (f area., 

These statement'* mav bt' tlius alirideed 

thr itim of a rcctmufU s hu'iuith .(i), 

* the men tf n squore = {!i^e)^ .(ii) 


In other w'ords. 

The aren of redonqle is maufared by (he pyfxlucl of the 
measures of ttvo adjacent sides. 
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t • 

Nojwtion. 

ft 

The rectahjilc ABCD is suid i(» 1»* con^med ]>y ^6. AD ;*for 
(licse adjacent sides fix its and shape • • 

The*area of a rectangle wliosf* adjajrnt jfales a|i'AB. AD is 
ihiioted by r^'l AB. AD. or .'Imply AB / AD. 

Tlio area of a Mpian' drawn on tlie side AG is‘denoted bv 
f-q. on AB. or AB“.^' 

Im t:KKN< K.'' 

It Is evident (licit • , 

.(i) JioldtiiffK uh\rh hu* lu» .'n/e.s of onv tqual lo 

(wo uiljtonil ■'iilfs dJ (hf ittldf. tuvh In ttirh, (i$t’ <(ii^<f)Ut’i(l, (lud 
tkercfoiY t'j'Ktl tin'n^. 

(4i) If rc( UUKjIr.s hun (qiKil a/eO' (iinl if (»ii ^hh of one is 

equal (o lint'■■'fdr Ilf f}if iilJn I ^ till II (In tnijinint 'nh stin olsn iqiHjl. 

lM»r (^anijile. if rect.-iii^llcH .it'.t-' :iii<l e<jiml len^tliH, itir-y 

have also e<ju,il hie.idtlis • * 

(in) iSquuii''! on niuul stdes are ciiuii m nt, mui (heufow have 
equal (trea< 

(iv) If squaii^s Invr njuol ufu.'- (in q '^U\hd <<0 equal M(!es. 


i XKH^'lsKS. 

(Oil I'lifiHls 'if rtH'l Arm.) 

1 . Draw a figure^i) sli')« ulo/ 

(l) i Nj. \ .11^1 .’{* Kij, fe<! 

(Ip I s*!- < in In’ si|. tnni 

2. Draw a figure t" “h-^w li^t tlie wjuao' on a sOaighi |in«* w four 
tubes the .viiiare on half line. 

3. t'.sc Mpiarwl pajKT to show tfiat the wpiare on I' lo* tmies the 

arpjare on 0 • 

4. If r repreeentft 5 miles, what does an arei of 0 wpian- incbcw 
represent ? 
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UEOHETKV. 


‘I 

EXTENSION OF THEOREM 25. 

I 

TSo priMi', of Hieiirem on pnge 120 supposefl that<>he leo^h and 
broadth of tlir gi^on^W'laii|lo an* cxproiiaed W whole numbers ; out the 
formula h<il(l« gixal whni the length arirl lireadth are fractional. 

Thin mav illurtrato<l thin : 

iSup|)(Me the li'jigth ami l»ren«lfh are 3 2 ein. and 2’4 cm. ; we shall 
show that tho area, w {'^ 2 <*5 4) sip i-m. ’ 

For length 3 2 cni 32 itun. 

breadth 2 4 cm. 24 nmi. 

3? 24 

area - (:12 -24) sij. niB'. . ‘ip cni. 

(3-2 ‘ 2 4) Hij t rn. 

Note. Ol-Hcrve that tin* rule here liold.n good biaaiise flic length and 
breadth, though friwlxoial in terms of ei-titiinetres, niav be expressed by 
tcludc rtuinbfr.i in terms of a tnwi-r unit, in this case miliiinetrcs; and «e 
may thus <li\ide the nTtangle into -sjiiares as illustrated on p. 120. In 
this case llu* length and hreadtli are Haul to he Commensurable. 

We hIuiII refer later to the «uh<' .-f mcoDimensurable Itnc-H (or otlier 
nmgnitiideH), that ; < to sav. nuch a« eant',)t he divided into part.s uf which 
en'-)i ciintains an e\a« t wh-ile number. For e\uinple. lines whoso 
lnea.su^(^s are I and \'2 funnsh u familiar instanee of incoiuinensurablcs. 
In Hiii'h ea.ses it will appear that, bv elioosing n Hufliciently small unit, 
liiM'.s which are tlieoretienllv imommensvirahle mav be exjirossed by 
whole nmuberH lo tintj requirnl Jfjjiu of mcuractf, that is. to any number 
of signilieant digits. 


KXEItnSKS. 

{On th - .'Ircfl nf a h.xtongie.) 

Draw on H<jua'e<l paper the reetangles of wliw;|i the length (a) and 
breadth (f>) are given below. Coleulate the im'as, and verify by the 
aetuft] counting of jMjuan.'s. ® , 

I. u OH*. 6 :i-.r 2. a I'n'. 

3. (1 2 2'.6 l-.r 4. 

Caloblnte the anuis of the rtH-tonglea in wliieh 
■ 5. o ---18 metr<*s. A - 11 metres. p. « 7 ft. 6 4:72 in. 

7. a=2’5 km., A-4 metres. 8. <i -} mile, 6 -1 inch. 
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#• 

9. *Fin<l the leiiKlh of a mianfzle whoiM' an*H is 3 9 inj. hi., and 
breadth J‘5'. Dr^w the rectaiiKle on fluuan^*! |hhmt ; am! Tenfy your 
work by counting the aquaret*. • « 

• g • • # 

,10. (i) When you treble the Icngtli »f a reifatigle without altering 

its Brctdth, how many limes do \uu«mjltijil> the ajea ? ^ 

(ii) When yf^ treble both length and breadth, Inm niai^ limea do 
you multiply the yea T ^ 

Draw a figure to illu.st|ate youi annuers , ami stale n general rule. 

11. In n jilan o? a rectangular garden Ihu length and breadth are 

3 6' and 2 r> , one inch standing for lu larUs Kiml the area of the 
garden • , 

If the area is in#reiiscd by 3n(» m| \i\%, the breadth remainmg the 
same, what will tin- new Jetigih he T And how many mebos will repre¬ 
sent it on yuir plan ? • . 

12. Find the area of a rotiangular iruh'sure <•{ wlmh a plan (scale 
I cm. to 20 metres) inoa'*urcs 6 •')« ni b\ t '»'’in 

13. The area ii a rwfangle is 144tl sq yl- II in a plan the aid«*s « 
of the ra'langle are 3 2 cm. and 4 .”»cm., on w hat ai’nlc ih the jilnn drawn I 

• • 

Calculate the areas teprejw'ntoil b) flie shaded parts of the following 
plans. The dimensions are markeil in feet. 
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OEOMETHY. 


Thkokrm 26. 

f'he arm kf ati>arallf‘hn}rnn( is fijual to tin’ nr<'a<^the rectangle 
on the same base nn^ lM;tw<rn the same jxirallels. 



ABCD 1m' h |i:ir"' atnl ABEF tlu’ n’ctaii^Ic on the .'^amo 
base AB iinW l>etueeM the s.iiiir par'* AS. KC. 

To pnur thiit tfii' jifti" ABCD //"’ ii'f ABEF fn area. 

Proof, lierau'.e FC itii'el.s th.* p.ir* AD.r-BC.c 

tl'e.AOF - f he eorn:.‘<noiulme[ ^ BCE. *■ 

In the ■■ ADF. BCE. 

e j I he ADF the ..BCE, Promi. 

{because Mhe .. AFD - the _ BEC, beni^' rt. aiipiles; 

I and AD BC, iHane oppoMte side.s of a par™. 

the “ADF, BCE are eonie,ii,-i't and equal in area 

Now if from tie whole riiXiABCF the ADF is taken, the 
roiniundiT is the par'" ABpD ; , 

.\n<i if from the .same fiii. ABCF the BCE taken, the 
remainder is tlie re< t. ABEF ; 

Ihese remaih^ifT.-? are equal . ' * 

that is. the par''' ABCD;*-the reet. ABEF. Q.E.O. 


EX.WIPI.E,,. ‘ 

Tn the above diAKfAm the sHles FE. DC overlap Draw diagrams in 
which (0 thost' HiUea do not (O'crlap ; (it) the cikN E and D coincide. 

Go through the proof with these diAttrama, (tnd ascertain if it applies 
\o them withouf change. 
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CowiLLARv I. The area of a pariuelogram h mcanuret} hy 
(he proikiet of (h% measures of its Uise aiid i($ altitude.* 

In the fijjlirc of Thror. ‘2U BE is Jin; tin* far"* 

ABCp. ' • • 

Now if AB. BE contain rcsjMM‘?ively <f anil*";) length, 

the re< t A3E(* contains ap units of uhm. 

An<l. by Thcor, 2t),areu of imr”' ABCD- afoaor reel. ABEF 
• -(!/> units of area. 

This result may be thus abrnlgcd : • 

area of jsir'''^()(ise altitude. 


CoROi.LAUY 2. Parallrhuiroius 0)1 the saiuejnise and Ishveen 
(he same panilhls {lienee of (he same allitmie) are eijftal in aiea 

Kor if tli<> par"'* ABCD, ABXY y p D X EC 
are on the same base* AB ami be¬ 
tween the same*par“ AB. YC ; and 
if ABEA I'' tile rectangle op t)ie luise 
AB and of the same altitude AF as 
the par"*’; 

then th<' (lar'"’ ABCD- the par"' ABXY; sinie, bv Tlieor 2ti, 
eaidi is e<|Ual in area to tin* re«t. ABEF. * 

NnTr. Tlim nn]><>rtniil C'li.il^iry y D X C 

may i»e dnirtlij, tlmt is, whIkhiI 

rcfen-iice, to llu* os‘tarwl<^‘>n 

the wime hasoaiel 1 he same jiai 

[see the adjotnum lieurej. 'fhc pupil, ^ 
ahould a.s an exereisc «<» full\ tlirout'li 
thl8 form of pnn.f, W+lieli closj-lv folliAVs ^ Q 

that of Thoor 2<>. * 

• • • » 

.CoROLi.ARY 3. Since th* area of a jiarailelogram (le}H‘nds 
only on its base and a^tude, it follows that 
Parallelofirams on effual liases and if equal altitudes are. equal 
in area. • , • 

(For Excrcifien, «cc p]». 






aHOMETRT. 


l‘^6> 

' I 

Theorem 27. 

* t * 

The arm fif (> Iriauftle it equal to one-half of Ihk area of the 
rectangle m the sa/,it base and between (he same parallels. 



B • C 


Lot ABC 1)0 ft triaiifjlo, and DBCE tho roctangle on the samo 
base BC and botSvi'oii tho sami' par" BC, DE. 

7'o proiT that the ABC - one-half of the reel. DBCE in area. 

Li't CX 1)0 tlio straight Imn tlirough'C par' to BA, meoting 
' OE prmlnood at X. ' ' 

Proof. Then ABCX is a par'", and its iliagonal AC bisects it; 

.'..the A ABC -onodiall of the par'" ABCX 

-one half of the root. DBCE, on tho samo ba-so 
and between tho samo parallels. 

.. Q.E.U, 

CoRoLL.iRV 1. "The area of a triangle ie measured hij one- 
half of the prodari of the .neasures of it.i base and its altitude. 

In the above lignre CE^^tho altitudo of tho .'lABC. 

Now if BC. CE contain ri'spe’t'lvolv a and p unHs of length, 
then the rect DBCE contains ap units of area. 

And, by Theor. 27, area of \ ABO «= one-half of rect. DBCE 
, np units of area 

. This result may bo abridged thus : 

area of triangle ^ } . base x altitude. 
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/• 

Corollary 2 Trian/jles <jn the ftaine fme amt t)etmen th« 
same pamllels (?.t. of the same altitmU') q • A *£ G 
are equal in hreei. ^ 

•For if the A* ABC, GBC are on the 
sam^ ftase BC and between llie^sume 
])ar'' BC, DG ; end if DBCE istiie rect¬ 
angle on the base BC and of tise 
altitude BD as the trij^igles ; 

tjien the /, ABC -one-lialf of tlie reet. DBCE ; 
also llie GBC = one-half of the reet. DBCE ; 
the 'ABC-the .QBCinarea. 

Similarly, tnnmjlf.i on equal and of rqmil alltlmfiM are equal in 
area. • , 

Corollary .3. If two triamjles are c/jftal in are/i, and stand 
on the same hose and on fhe same fade of AG 

it, they are Iwturfin fhf same ]wial(els. 

For instance, if the .'4 ABC, GBC 
are equal in area, and stand on Ihe 
same base BC, it is concluded that 
BC and AG are par'. 

For if AF and GH ar»‘ the altitudes of the triangles, 
then the ,-^60-0110-11811 of the reet BC, AF ; 
also the GBC = one-half of the n-et. BC, GH ; 

• BC X AF -* BC X GH ; * 
the altitude AF-'-'tlnufTtitude GH. 

^Iso AF and GH are par* . 

^ hen(;e AG and FH, thatjs BC, are pjir'. Theor, 21. 

Siroilariy. truingU^ of the »atnt area, ^Uimlinq on eqiuil in ihe tame 
atrqight Une, are Miccen the tafneeparaUdii 

And generally, since area f>f a triangle J . hose x tikiiude, 
it follows tha^ » 

(i) frmn^fes of equal *arta and equal feusei have eqml 
aliiludes ; . 

• (ii) triangles of equal area and equal\iUUudet have equal bases. 
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GEOMETRY. 


■ \ 

Theorem 28. 

If a « tnatujle sUiml on the shme Ime and 

Iteln'evn the stitnc*’ ^niratleLs, the amt of the ^mallelogram .is 
double that t^f the puuKjle. « 



Li‘t tho ^)ar"‘ ABCD and fin* , EBC utand on tho sanio baso. 
BC and between tho .samo jiar'' BC, AE. 

To prore (hat the par"' ABCD is ilmihb of the EBC in area. 

Join AC 

Proof. Shut tlu* ,*ABC. EBC an* on tlu- same lia.se BC 
and iK'twurn tin* .'lanu' imr* BC. AE, 

•' llu' ABC - ihr ' EBC in arra 

An<i till', pur'" ABCD is bisocti'd by its diaijonul AC, 
till' par'" ABCD is ^'oiibto of thr ABC , 
till' liur"' ABCD is doiibb' of thr ‘ EBC in aroa. 

. (yE.i). 

KXKRI’l.SE.*?. 

♦ I *' > 

{}fen.*uration of /’n(W/<%rani.i <7«rf Triangles ) 

1. Kind tliP aroA of jmralloloprAnis in xvlnoh 

I (i) thp baae •- .'>•5 oin.. and the - 4 cm. 

(li) the baj»o -2’4*, and the heipht I'o'. 

2. Draw a |>Ara|h‘logram ABCD havtag piven AB -21', AD-IJ', 

and the LA Draw and moamire the j>er|)cndicular from D on AB, 

and honoo cah'iitate the approximate art'a. Why rtp;>rojinMi#< ? 

XftMtx eaicuiate the area fVom the Imgth of AD and the per|iendicuhit 
pn it fn>m B. €btain the average of the two results. 
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3. In the parallelogram ^BCD the fol/iilMig lengths are given : 

^ ^ AB-uunilp; AD /Minifi,: , 

(hstaiiro AB niul DC ;* umt«* 

tbo porp. dwtanoc hetwn'n AD aft<l 8JJ, ; 

; I prove thai^;) fx] \ 

4. The area^if ii parulloloijrafii ABCD h 4 2 wj. in. and the bam* 
AB ia 2‘ft'. Fiml <bf bcj^'ht. If AD 2‘.liraw tli^ puriiyi-lo^ruin. 

Ch Each side i if u ^lioinbuH is 2', atul it s area is If Sb m[ in ('alt ulnt c 
an altitude, and lienee draw the rlionibns ^ 

U. Calculate the areaN of the tn^m'li's ly whn li 

(i) tie base-24 ft . tin-In-icht l.'i ft 
(II) the base 4 S“. the heit/ht y 

• • 

7. Draw truini'les from th<' followniL; dat.i In eii< !i tune dinw uini 
measure tiio altitude with riderenee to a pixi ii side ns iMise • hi'tici* eal- 
culafe the approximate ar<^ 

(l) H 111 . h t>‘H cm . < 4 11 cm 

(ii) h- r»'0 ein . c bHeni.A tio 
(in) fj b-.'i (rn .*j 2 . C 7t>" 

8. ABC IS a triunj^le rif/A/ uaghd at C . ah'-w that its area ^BC » CA. 

(liven fl -ft eni., h ■ ft < rn . i aleulate the area. 

Draw th»- Inan^de ami measure tlie lispotnuise i , draw nivl rneOHure 
the jiorpondicular from C on the li\poienuw . Innie (.ilnilnte the 
approximate area. Compare your rysuit wilii tie- eol<ulAtfsl value. 

9. In a trianple it h i,'»ven th.it lh»' afa In 1 em . and the bam* 

.= l'ftom. CalculaU-Ihealtitude Can }on draw tin-tiiaiijile from these 
data T ' ’ # 


• TIIEOKKTK Ab 1-;>iERriSE« OMi AREAS. 


{ParaUtUtgrantJf and T/taiigltJ<.f 

1. (i) prove dtrfcUy Jr9v> the adjoining fiyurf 
that the . . XA6 ^(^no•half of the re#tan«le ABCD. 

(ii) Draw thc^corrcmpondmg figure when X m in 
DC produced : and iirove thaf in this cam* also the 
XAB = one-half of the reel. ABCD. 



a Sh 0 . 
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GEOMETRY. 


theoreticXA exercises on areas. 


2.’ I( X, V. 


(ParaUelogram3 and 7'rtanijlefi eontinufd.) 
Z an' the inid'pointK of the hkIoh of 

oirrnniu 


the /', ABC, point oul yiroo*piiralIelogramH (Theor. 

2H) »n the Hjture, and 4 )rove that they are o<jual in 
area, ♦ «* * 

Are thAeo purallelogrntna coiiprvicnt ? Dis* 
tinj{ninh between the easey.when the \ ABC is 
(i) equilateral, (n) itoaeelc'jt. (in) scalene 

3. If P. Q. R, S. are the nii<l |)<iints of the 
Bides of the' par'" ABCD. ^»iove that 

(i) PR IB i)ttr‘ to AO, BC ; and SQi.iar' to 
AB. DC; 

(ii) the fig PQRS h a par"’. an»l that its 
are'a im half tljat '.if V lie par'" ABCD 

4. ABCD w a par"’, and tliroush any point K in the diagonal AC , 

I iar'* EF.' HQ are elrawii, as in the adjoining figure. Why are the 
edK'wing pairs of triangles congruent ? 

.\-ADC. CBA: '•AHK, KEA; 

•KFC, CGK. 

Hence prove that 

(i) the Hhaded par"’* HF, EQ 
• are dpial in area, 

(ii) par'" ED |>ar‘‘' BH ; 

(ill) AKB AKD. 




5. ABC IB a triangle and X Y w lUawn parallel to the base BC, cutting 
the other sides at X and Y. Join BY and CX ; and ^ 

show that % , 

(i) the XBC -the^ \ YBC in ai^a ; 

(II) tht .'.BXY the.'.UXY.. 

(m) the ABY the , ACX .. „ 

If BY and CX cut at show that « 

(iv) the A BKX -the \ CkV m area- 
0. Show that a median of a trianu'c divides it into two parts of 
equal area. ’ 

How i'ould you divitle a triangle into tk^ equal porta by straight 
lines drawn frtun its verte.t ? 

«7. Prove that a paraileiogram is divided by its diagonals into four 
triangles of equal ai^t. 

8. ABC is a ^riangle whose base BC is bisected at X. If Y is any 
point in the niedia*n AX. sho,w that 

the A ABY - the .?! ACY in area. 
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.9. ^BCO is a paralleloRrarn, and B(^, *DCl air Ihp p<!r|i«ndirulani 
from B and 0 on tho dingoiuil AC. 

• ^ • Show that BP DQ. * / 

Ueuco if X ft 9 ny point in AC. or AC prt^nat'd. pravo ihat 
* . (i) the ADX --tho ABX m 

• • (ii) thp \CDX the .•CBX .. , 

a • • 

10. In a trian^'lc ABC, if X, Y an* tho irjil-poiiil.-^ -d thv huIch AB. AC, 
prove (without aiwiirnin )4 Tlu-or that iTio • XBY, XCY are wjtial 
in area. Hence shon tlmt XY ainl BC arc paiallcl 

11. ABCD 19 a (tft]» 07 .iuni huviiiK DC p«r‘ ft> 

AB ; am! X. Y are tho mid-poiiitH of AD. BC 

Why in the . AXB one-half of tho *ADB 
in area ? • 

f)f wh^t tri»\iitlc H tile AYB onodmlf ? 

Why ma\ we coiK'lmlc that the AXB the 

AYB in area? And Ivoiico that XY is pur' to 

*• AB? 

12 ABCD is a parallot'inmni. nt'il X. Y .are the niidolo poinlfl of the 
9ido9 AO. BC : if ^ iH Rny point in XY. or XY produciHi. mIiow that tho • 
area of4he triangle AZB w one^nuuilcr of the piirulh^itigimii ABCD. 

13. If ABCD 19 a-naralh-logiani. and X. Y un\ pointn m DC and AD 
resiwotively: Hhou tnat the inangloH AXB, BYC arc ('<(ual in area. 

14. ABCD iH a pnraliclograiii. and P h an\ point vilhin it ; ahovi* 
that the sum of tho triangles PAB, PCD i-s raiuaj to half tho parallolo. 
gram. 

iri. In a ABC. X. Y aro (he mid-poiiiis of the huUwi AB, AC, and 
BY, CX interiH'ct K. .loiti AK. ^nd j.r<>\c thaf 

the '.BKC the* .AKB JW AKC in area 

10. In AB. a lud# of tho ABC, anv point X i« taken, and CX ia 
joined. Through A a straight line w drawn par' to XC and mr*eting BC 
^produced at Yfand XY w joinoiL Prove that th# XBY the / ABC 
m area. 

• 

‘17. If the middle poinjf of ttie sides of a (juadriliitcral arc jinned in 
order, prove that the pa^tlogram^) formed (ws* Kx. 7, p. la half 
the quMriUteral. 

• • • 

18. ABC ia a triangle, andfl. Q the middle jHunti^of the aides AB. AC ; 
show that if BQ and CR intersect in X, the triangle BXC w equal to tho 
quadriJateral AQXR ** 
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GEOMETRY. 


Further Kxamw.e.r ox Areas. 

. , I, Quadrilaterals. 

(i) Tn Jiiul thr men of i: trapezium. 

Let AB^D 111 ' a trapi'Ziuiii. Iiiiviiix 
the aidi'.H AB, CD p.iiaiy. .Iiiin'BD, 
anil from C and [>dra\\ pi'rpi'iuiiciiiars 
CF, DE to AB. 

Iict the parallel .sides AB. CD inea.sure 
II and h units of lenitth. and let yie heif-ht CF contain li units. 
Then the area of ABCD i ABD ' , DBC 

' ■' .',AB DE i ,’,DC CF 

,pl/l ',*/)/( f'((!-|h). 

I ' 

That is. nrcn of trufu'.iuoi Inoilit ■./.sioa of imrallel .siifpi). 

(ii), Tojiiid the iimi of any quadrilateral. 

Let ABCD he anv quadiilateral. 

Draw a diaironal AC , and from B 
and D draw |ierpeiidi( nhir.s CX^DY to 
AC. The.se perpendieulurs are i ailed 
offsets. 

lict AC contain <1 unitslencth. ami 
BX, DV /I anil .7 units re.siieetivelv ; 

then area of the i(uail ABCD - ABC + ,'.'aDC 

iAC.BX-e'AC.DY 

I •V 1 

That is, area Hf <iuadritataal * ha;ionaI x {sum of offsets). 
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'exercises on Ql'ADRILATEHAI^. 

/• 


EXERCISES. > 

(XuuKriotl nnd } 

* I; .Fin<I tho area of tlir tiapf/ium m iw* punilUl Hi<iri* 

im‘4'l" and ami tlio I .» • • ^ 

• • • 

2. Ifi a i|uail»iiati‘t.il ABCD. lln‘ <iia(^Mal AC 17 f<’r1 . and tho • 
iirtsi'ts from It til B andp arc 11 feet and It feet. I^m<l tfie un*a. 


3 Praw a (|Uiidnlatoral ABCD fri'in tlf jnl- 
ji)imn|i roufjh plan, the diiueiiHions bcinu i:i\r[i in 

Draw and tncii'«rc the oiT'icl'* tn A and C from 
tlU“ diajlenal BD . and hence cahul.iie tlie area of 
the ijuadnlateial • 



4^ Draw a trape/min ABCD fnan ilie fi'llmvin;: data AB atnl CD 

aro tlio ])ai'.dlcl-nli'N AB AD BC 2'. tin ._A tlie ,_B tKt". 
Make an\ nece‘*iarv^nea>ur<-nM‘ntf>. and lalctiiafc tlu' .irea, 


(77ie<jr#t(<<i/ ) 

5. In a ijuadnlntcrn! ABCD "iie iliauciial BD pahWH tliroiigh X 
the rnid point of the other diaumial AC Drove tliat BD biHocta the 
quadrilateral. • 

0. ABCD I" a pamlleloj/rain of whnh the dia;:otiaI.s AC. BD cut 
at rujht anglr'i. It i- required to -now ili.u 4 

area of Mich a jKir'- ^ (/»rod»<e/ of dig//ioKj/A). 

(i) Dcdnee this renult fror» 1 l»c foriiiu' 4 ^ 

area ef ««•/ (/iiaiiniatiral \ ihaifonal ■ (‘•win <■</ iff/sit^). 

(n) Obtain the same n>«ult dinii from the followinu toiiMnulion : 
Jhronjfh A anil C dia« paralii-N fti BD . ihroii^didB and D draw parallcla 
to AC ; and ht XYZV he the r<ria,ofk »«. formed 

• 

7. (tiven the Icnuths of lh^ diau'onal- "f u f|Uftdrila1ernl. and the 

anitle between prjf#* that the area is tlie sanie wherever they 

interaoct. ' * * 

8. In the trape7,ium ABCD. AB w paralhd to bc; and X w ^he 

muMle point of BC. Throush X <lratt PQ, parallel to AD t<j moct AB 
apd DC producer! at P and Q Then prove ** 

’ (i) lra|)Aiiim A^D ■ par'^ APQD- 

(li) trapezium ABQD :twu'C t^c AXD. 



IS4 ' ' OEOMETRY. 

THBORKTICAt EXERCI8KH ON AREAS OOffTINUED* 

{ , {TrKtn<ilf'J< and (^mdrihUeraln.) * 

!(. I*rttvf' that a 'j tiwt'ctcd bv tiny htrai(ilit tin» 

l>aHHeM thrii|i);k Oil' rnnitllo point of oni' of its dia^'oiials 

Urnco hIjow how u paniilologruin AB^D niny lie biHectfd by a^atralght 
line drawn • ^ * 

0) Ibroiigli a given point P<* 

(ii) |ieri)ftulieular to (he Hide AB > 

(ill) [taiUllel to a given line QR 

lit If (wo (imngles have >rto nidA of one lespeclivi'ly equal to two 
aiih's of Ihe otln-r. an<l the tingles e«intaiMed by those sliles ,vMpy;/f»i<'ntary,# 
show that the trmiigles aie e(|U«l tii ott<i. Can nucli tnunglea ever lie 
congruent ? , ‘ 

11. Sh‘>w that a IrajMvmni h hisrdei! in area by the Btraight line •* 
whli'h joins the middle points of its fniitillfl Hides 

[.Join the eiifl.s of tine of the [larnlli l sules to tlie jnid-yoint t>f the other.) 

12. Through A and C. twti ojiposito virt^ees of n <jua<lrilateraPABCO, 
parallels are tliawn to th<' diagonal BD : and through B and D parallela 
are drawn to AC. 

I’rov't that the figure thus foinu^d w n fmnlleloifram, and that ila area 
in double that of the (|umlrilatenl ABCD. 

13. Use the eonijileted figure of the last exercise to show that the 
area of the r|ua<iriliitenil ABCD the^ien of (he triangle having two sides 
equal to Ihe diagonals AC. BD. ami tlie niehnled angle er|ual to either of 
the angles betwcaui tljo dmg*uials. ^ 

• 

14. Two friatjglea of eqir.il^area sPorlfl on (he same hose but on 
opposite Hides of it • show (hat the stmiuht line joining their vcrlic(*« 
is l>jseete4l b> the base, or by the ba.se produee<l. • 

15. ABCD is a jicirfillelograin, niM 0 is any point outfiide It, Shoif 
that the -•mmi «ir dtffrrciKe of (h« .'"OAB. OCD | . par"’ ABCD ; and 
distingiiish Mween the two ca.ses. # 

[Use ^e formula ana of A TheoraV- Cor. 1.]^ 

J6. (i) ABCD i? a parallelogram. .nn<l O » any pomt outside the 
^BAD and ita vertically oppixsite angle; jwovo that the AOAC Is equal 
to the aum of the .^^AB, OAD. 

(ii) If 0 is u'itkU the A BAD or its vertically oppoeite angle, prove 
that the AOAC ia equal to the ditIereA;e of thtf A* OAB, OAD* ' 
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. . • /• 

U. RKcyiLiNKAL FicuREfi OF Mory-: than Four 
Sides. • * 

, ^i) A nutilinoal fi^niro nuiv Im* 

(iiNld^d into triangles \vhos<* airas <an 
1)0 Hoparatoli* ciiloulivtod fnin .'<intal>lo 
moa.sufoniont.s.* Tho sum of tlio^* 
aroas will b<* tho i'coa of tin* j^ivou 
tiKuro.^ 

Kvamj’I.j:. Tho tnoiisurctiicut.s ictjuirod i<> 
liii<l tho .^roauf tho liyuro ABODE y AC. AD. 
aiuUhoiM‘r|)*BX,J3Y. EZ. * 

(ii) Tho aroa of a rootilinoal li|:uro is also found I»v taking 
a base-line (AD in tho diafirain l)ol(»\v) aiifl ofT.*«‘ts from it. 
ThoRo divido tho tiiruro int<i ni{hl an>ilnl tiianuh’s and rujlit- 
aftrfled trapozmin.s, whoso areas mas ho fomal aft«T luoaRunng 
tho ofT.sots and tho various s»‘< lions of the haso-hiio. 

• • « 

KxaHi'I.k. Find Ihi nrfiiii^hi xnch-'fiirt ABCOEF from thi ploii and 
inea.Hurenu'iit .1 tobnlohd htlou^. 



AD ' 

VC - 12 AV 5U i 

AZ 4U 'ZE IK 
YB 20 : AY IK i • 

AX 10 XF 15 

4 

The meftAurenients are mft<lo from 
A alon^ the bust' Inf^ to the jhhiiIs ffoin 
which the offnets sjinnK. , 

* 4 

Here /.AXF ^! AX-’.XF 
i AYB frVY ■ YB 
z.DZE i -OZ ■ Z^ 
’'.DVC -}.Dy-VC 


D 



H'j yin tvj.yU. 

J . 10 A 1.5 - 75 
j . IK 20 r 180. 

5 . Hi ' IN ^ 144* 

J . H *12 -- 36 


trap»XFEZ. J.XZ.IXFaZE) =!y3(f.c33- 465 
trap” YBCV -J. YV /jYB - VCi 1 y 32 012 

by addition, the fig. jj^BCDEF * 1442 »q. yds.* 
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. , KXERCI8ES. , , 

I. * Culc-ulu^* fjyi iin'm nLllu* hpuron (i) and (u) of nli'icli tho plans 
and (liiuonHionif arv bolow. 

D 

(i) e 



AC d cm.. AD •’» ' ni. 

UmglliH of oifjM'ts ligiir«‘d 
ni diagrat^ 



AX =1|7, XY=2j- 

YB-l-r 


2. Calculate tln' area of the iiuloemrc ABCDEF fiorn the plan and 
dhncnRioiiM given below. 


...., ! 

Yxki"* I 

. • ••» 

C 


TmD : 

* f / 


40 i 

/ 


30 j 

12toE / V 

14 to C 

20 i 

, c/. 


10 

0 to F Y 

14 lo B 

*) 

bL;"-- 


From A 

• 


3. Fmd the area of the ABCDEF from the following measure- 
iiients and draw a plan in wlm It 1 nn. ii'prcHent.s 2t) metres. 

^lie Plan 

MlrKK'*. ’ * * Ci 


^“80 to D 
40 to E 


00 to F i' rg) 

I From A 


To C 
ISO i 
L'iO 

120 iSlttoB 
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THEOREM OF I'VTHAUORAS. 

/• 

EXEjlCISES LEADIXC TO THEOREM 29 . • 


'In the adjoining diafjratn. ABC > a trian>;l\ 
riiihl-ontjlfil at C. anrl wptan'H iirf uj.imh <in H>r • 
thm* sides. us compare tlie fliea of iho sijuarc 
on the ht'p(denuw»AB ^'lth (lie ••/iiui "f iIm* irjuiirea 
on the aides AC. CB whuji I'otUain tlie rib'll! an^le. * 



1. Draw the abtpve diatrrain, mikmi’A9 < ih.» and BC 4 cm.; 

Then the i^ca of tlie fMpuire on AC 't*. or H s(j em \ 

’ • and. the ><jiiare "ii BC 4^. ot lit mj < in f 

ilur sum of the squares I'U AC. BC '*‘1 ♦"> 

’• Now tufnHtirr AB . lienee « nleulate tlie aiea of the s<juarc on AB. and 
e-un^iare the result with the sum aliea<i\ -dpt.imed 

2. HciTcnl the ^irocPss of tlie last ex(-itise. niukiii)i AC I'ti', and 

BC 2 V. ^ . 

3. Ifa“15,6~K,r 17. show antliitwtJealK that <• «* ■ /»* 

Now draw on squared pa[MT a tri.iii;jl'‘ ABC. whose skIi-h «, fi, and c 
are I.*), H, and 17 units of leni'th , and nn/tvare (hi' augle ACB. 

4. Taki* .any trmnjile ABC. ri^ht- 
angled at C ; and draw wpiares o* AC, 

CB, and on the hypotenuse AB. 

Through the mid*})oint of the Mpiare 
on CB (t.c. the mlerseetion fd ^lie <lia/ ^ 
gonals) draw Imce parallel and js'rjK-n- 
ilieular to the hypotrniHe. thus di\*lmg 
the wjunre into four cougnintt ^juadn* 

Ittcrals. Thesh. together with the square 
on AC. wall be found ex.aetly t'l fit inta 
the square on AB. m the way ^dicalwl 
by corrcsjwmdmg numlior'^ 


These expt^riments jioint to the conclusion tiiat: • 

In any ri{jht-ant/kd (nanf^lr thr stjnnrc on*(Ac tn 

et/i/a/ to the sum of the squares on (he *Aher two sides. 

• A formal proof of this thetAein is gi\'en on Ih^next jjage. 
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Tukdrkm 29. 

Th' miimfe. on tlti’Jiijiitihiiiixr of ii riiilit-unqkd Inaru/k is equal 
to the SUM of Ihi; squares on thq other tuv sides. 



Iji't ABC hi' II riolit-iiiif;l(‘(l hdvlnp thr anjilo ACB a rt. w. 

To protr that the sqiiaie on the hi/jmtenasi' S^B-the sum of the 
squaS's on AC, CB. 

On AB (li'scrilii' tlu' w). ADEB , ami on AC. CB di'Si'ribo the 
sqq. ACGF, CBKH 

Throupli C draw dL par' to AO or BE. 

< Join CD, F8. 

«• , 

Proof. Uei'.iusi' I'lich of the ACB, ACO is a rt. 

BC and CG lue in the same st. line. 

Now the It. _rfAD - the rt. i.FAC ; 
add to eaeh t^ie _CAB : 
then the whole _CAD ^tlnj^hole _FAB. 

Then in the .V CAD. FAB, 

I . OA = FA. 

because) AD = AB, 

|and the ircluded .j CAD = the included _ FAB 

thertrianglea arc congruent, and equal in area. 
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' • / • 

'No\^ the rect. AL w double of the CAD, being on the same 
base A0>, and between the same par'* AD. Ct. 

And the h^..GA is doulde of the behig on the same 

base FA, and between the same par" FA. 

^ /. the n'rtj AL - the sq. GA* • • 

Siniilftrly by joining CE. AK. it ran |)e shown thaj: 

. lift- reet. BL -liie wp HB. 

.■*. the wliole scj AE the sum (if ♦Ju- Mj»j. GA. HB : 

that is, the s(|uure on the Irpoteipise AB tin sum of the 
squares on tlie t'*o sides AC, CB. 

O.K.l). 

• . 

* Obs. This is known as the Theoiem of ruiiagoras. a 
celobratr'd Gre4‘k matlu'matieian of the sixth (^-ntiirv nc 
The result esUbli.'tliiMl may be stateil as follows: 

* AI2‘ BC^-f-CA- 

That is, if the sides eonianiing the right angh* measure a 
and 6 unite of length, and the hypotenu.se r unite, • 

Hence ayd a^. 

Note. The follia’jing unporliint reHultn Hlinuhi It?* ijelnc<t 
If CL ainl AB mlerseet in 0, ft Lhh in l)je tourw* of the 

proof that 

the .q GA the roet» AL . 

that w, AC* the »'c^. euntained t|^ AB. AO.(i) 

AI»o the «). HB the r^-et. BL , 

that w, BC* thf^ect. ceiita«ne‘i t*v BA. BO.(u) 

[FofNuraerkal fcxereuww #n Thcon’m 29, wk* J). 141. • 

For Theoretical Kxcrcwea, sec p. 142.J ^ 
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Thkohkm ‘M). ^ 

tflhr onf sUr of n liunuiU' ri{>ml to^tlir .vi/wj of the 

.sifuari's on ihr otlnf tint fndcs. fin' aiufU’ confonictl hi/ these two 
sides IS a rkjht (udile * 



Lot ABC 1 m- ji trianglo in whioli AB- -BC--^CA*. 

To prove thnf )lie _ C is o rii/hf oiuflr 

Make EF njual lo BC 

Draw FD (M-rp. to EF, atul niuko FD v^pial to CA. 

.loin ED 

Proof. ItcrauHi' EF - BC. ami FD 'CA. 

EF- BC^ am! FD2--=CA-. 
ilon.-r EF" ^ FD'^ - BC^ i-CA'f 

Now EF* i-FD* • DE*. .•^inco the _F is a rt. 

am! BC* * CA-^ AB*. liy hypothosis ; 

. OE* AB* ; 

^ DE . Aa 

Then in the ACB. DFE, 

. I AC ,DF, 

bocauso erf =FE, 

* an!! AB -= ^E . 

/. the \* are eon^ruent ; so Jiiat the ^ C - the ^ F. 
But the Lf is a right angle, by construction ; 
the _ C is a rigJit angle. * 
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NUMERICAL EXERCISE.'! ON TllEOUEMS *29. 30. 

• k * • 

1. Draw a Ijiangh* ABC. ri^'hl-anglcii at C, hiiviiig jiiven* 

0) " b 4 , * * 

I (ii) «’! ‘i'.'i cm.. ()•(• cm 

, On) /) I r.', b :t.r * • • 

Iti pncB crt4e caliul.itc the Icnplh <if thj: li\p'ltciiUKc r, ajul verify 
V'lnr u-siill li\ mcaHurcincnt * • * 

2. [)ra\v a tnaiit-'ic ABC. rii:lit nni;lc<i at C. Iiavnn: • 

(i) c - 3 4", u -3 ti'. ;St^'H.j 

(ii) c .3 cm . ^ • I'.'') c]ii, 

!n t-acli ease calcfllatc llic rcmaitimk: -nlc. ami \ir\i\ \imr rcHjill by 
moaaunMuctit. 

• ^ 

3. Dctorniino mHi* h <>f (lie fMlIuain^: ani'lcs arc anylcii • 

(i) n 14 cm., h IS ( ni. <• .'■><» i m . 

(II) II 4t» cti.. I, lu cm . r 11 cm . 

(ill) If* 2tt% m . f> cm., r 111 ] .m 

{Soh'f'thr foUoiniKf ixiiiiii’h U>'j mb iihihoii In mdi r«i'< iliilir n filiiii, 

’ and tvrijij thr C'llcidnltd ri'sulf hi/ inuf'iiriun ni ) 

4. A lad'Icr whof«‘ f(»-f h (t feet finjii the fr'-in >>f a 1 i<<ijhc rcachcH 

to ii window Hili 40 f*H-t above tlic jiroimd What ik tin- Icii^'th tif the 
ladder ? i 

A ship sails 33 inilcH due South, and tiicii .00 miles due \V«'h 1 
liow far M it then from it^ startin^r-i^'int ' 

I). Two ships are olwerwrl from .i --lu'iial rttaiion^o hear rc-^pei hvel\ 
N K. ti’U km. djstaii#, and N.W. 1 1 Km ilmtaiit How far an- the\ 
apart T * , 

7. A ladilr-r 0.) fe»t lont' re.uhcs^o a ]iomt m llie face »>f a houw 
63 feet above the yround How far js the fi>ot fn-tn tlic houw ? 

> * » • 

8. B U due Hast id A, but at an unknown diHtunce C ih due South 
of B, and distant .*).> metie.s. AQ us knoxfn to be 73 mititsi. Kind AB 

I 

9. A man travels 27 ri^isi due Soutli: then 24 milew dtt«\ \Vt*af , 
finally 20 miles due North* How fer w he from hw HtHifinjr iHfait ? 

10. From A*^n) \Ve«t 2.7 metres*, then North tK* Pnetnw, then Ka«t 
80 metre#, finally South 12 iii1^tn« How far are \«iu then from A 1 

U- A ladder .70 feet lone ia plneerl ao ok to reach i window 4H feet 
hif(h ; and on tumme th» ladder j*\er t-o tIA* other wde of the atrerl, it 
,reacbea a |Hjint 14 feet high. Kind the breadth^if the Ht/<‘et. ^ 



142 


GEOMETRY. 


PUKTHER EXERCISES ON THEOREMS 29, 30. 

L* ABC '•« an wiwoeh's triangle, nglit-angled at C ; pr-i-ve that 

* * ' t 

. , AB* 2AC‘ 


2. ABQOMs a giVen sM|uarc, an<) AP^C is the square on the diagonal 
AC. Prove by Tlu'orem that the sq. APQC is (l<mblc the «q. ABCD. 

Illustrate Ibis fnuri a hgtre. bv showing that the tiq. ABCD-twice 
the .\ ABC, and tin* sij. APQC -4 limes the ABC. 


Jl. If ABC IS an ^sjuilii erul triangle, and AX the perpendicular drawn 
from A to BC. wlu'w that 

(1) AB 26X ; *{M) AX® :1BX». 

4. How woulil ,\'ou draw a aquure of whieli the area is c<iual to the 
NUtii of two jifiVen mjuares V 

r». Ill tlie ABC. AO w ilrawn perpendieular to the base BC. If* 
the side r w greal»T than h, ^ 

show that BD® eC®.' 

0. IfO IS any pt)mt wjtltm a ri'ctanj/ie^ABCD. prove that . 

OA‘‘OC® OB*+OD»- 

[Thi lughO draw XOY iK‘r[»' tt> AB or DC-l 

7. ABC IS a triangh' nght angled at C. and the .sides CA, CB are 
intemeeted by a straight line PQ . join AQ. BP, and prove that 

AQ* fBP®'-AB* PQ®. 

4 

8. ABC IS a triangle right-anghai at C. and X.'Y arc the mid-pcjintfl 
of CA. CB ; show that ^ 

4(BX* , AY*) oAB*. 

lb If from any la^it 0 within ^a eriangle ABC. perpendiculars 0^, 
OY.OZ are drawn to dC, CA, AB respeelively : show that 

AZ< + BX'*CY* ;AY*^CX»^BZ* 

10. the fii?uro of Theorem 20^ jinn CPVnd prove that 

, , CA* + CE* -CB< eCD*. 

11. In.Theorem '20 let CL and AB intemcct in 0. If the figure (on a 
bkM^board) u rm'ibed out. leaving only the rect^yiglc AOLO, show bow 
to it**oonstnict the whole fi^mre. fSq*' Prob. ,8, p. 110, observing tha^ 
the hypotenuse ^subtends a right angle at a fMiint on the semi-circle.] 
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jCXERCIS^S *0N THEOREMS 29. »!. 

F2. Prove the following formula : , • 

tiiagonal of square-aide x \ 

If the side -»5 cm., fin»l the length of the /fmjfoHu? m centinjetren e^jrect 
to three aignificaiit figures. • * * i 

•Why.irt it inipojwible to eT])rc8« the length of^Ju* diagonal eiactltf ni 
tornifl iff eentnnotrea anil ilocima^s of i ecntunelre , 

To what degi^' "f aeouraey raft the diiigonai be so exjuraii'd ? 

l()hiii'r\’e that though the sule and diii«|>nal of M.juiye cannot W 
exactly expressed antkrn;'^iatUq in terms of n e<iiiiiooi) umt. ihei* can in 
theory be exactly drA''n and ooni|jaie<l t/roHiWn-'o/lv.' 

13. ABC i.H an e<jinlateinl triangle of whuh each mde 2»i units, 
and the pc^rpendicuhtr from an\ vtilex to jhe (.ppoMti- side p. 

* Prove that /> i/i s^3. 

When each side H viii . find /< <‘.rrcrt to thriv mgipfieant tigurcR 

What IS meant b\ siiMiig that p and w are tnrowm w9tiihle T [See 
p. 122.] 

14. If in a triangle ft vii* n^.h 2»in,r le* . n* . prove algchraie- 
ally that r* - fi* t li\ • 

Henervby giving various nuiiierKal valueh t" m and 7i, find W'ta of 
numbers repn^senting the hiiI«^ M right •ant'lcd tnangii*«. 

1.5. Work through the following vcMlicatioii t.f the Theorem of 
Pythagoras. 

In the adjoining figure ABC 
is the given rt angled at C , 
and ABED is the w.{ on the 
hypotenuse AB. 

By draining par** to BC. CA. 
as in the fig., it u^Jl Ive seen 
that the sq. ABED W divided • 
into four rt. angled to¬ 

gether with a emitrd wpiare 

Prove that these four are , 

congruent, ami express the 
area of each in terms of a 
and 6. * 

ExpreM the centra! sr^re 
in terms of a and 6. lienee 
show that 
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[The method niven below may be omitted from a first ebursfl.] 

' ' I * 

' , , Ai'e^ of a Tuiamgle. •' 

(nil’ll till’ li’iujlh.i,''/the three/nh's iif a tnamjle, to calctdtUe lUk 
AREA III/ if-eHim iif'Theorriii 

Kxami'I.k. , l•'tn(l^hc urni n'n lnii»(jle v-haae side.^t meu.'furf 21 m., 17 m., 
und 10 m. , 

Lot ABC roproHont tiio ^(ivon A 

triiuinlo. 4 /r”\ 

Dniw' AD p4‘rp. tu BC, luul / 

iliMlotr AD hv/*. . 'in/ 

Wo Hhall first the lonfilh / ^ 

..fBD / 

L4«t BD T molroM ; ihon DC _|_ 

21 -T motif's Q 1 Q 01-., Q 

h'nmi tho n^;ht•arllrlo4l , ADB. 
wo Imvo by 'riiourom 2!> 

AD* AB* BD* I0'-ar». 

And frurn tho njjlit anulod , ADC. , 

AD» AC“ DC‘ - 17='•’(21 r)\ 

10= J= 17= (21 - r)* 

' 100 j« 2S!» mt42T-j>, 


AD> AB= ,BD=. 

Ii‘ 10= 0= 0-1 • 

« 

/* *1 
area o/ ttutiKjlr J . //tM.’ a altitude 

- -1 ' S) t4«j. m. S4 JKi. m. 


EXER('l.^£a. 

1. 1* a triaujjlo ABC, AD w (fc-awn |)or]^ndicular to BC. Let p 
d^noto tho len>j(h AO 

(i) Iff! 2^> otn., p -12 cm., BD*-9 cm.; 6nd 6 and c. 

(li) If6f4r, c .V)', BD - ^0"; find p and a. 

And prove that s'M />* * sc* - p* o. 
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•2. In the triangle ABC, AD w drawn'pcruoiuhoular to BC- Prove 
that , , 

' c>-BD» 6’ CD*. 

•* 

If a cm., h --20 cm., <• 37 cm.; rm<>BD. ^ ^ 

* Thence find p, the length of AD. and the area the triatigle ABC. 

Find by the^method of the ihst Fxerci»(' tin* area of triangle's 
whose sRics-aro as follows: 

\» * ► 

X 20ft., 13 ft.. 11 ft? 4. ir» yds.. 14 \iU. 13 \ds. 

r>. 21 m., 20 m., 13 m. t). 3(t rr*. 2.'i rin , 11 cm. 

7. 37 ft., 30 ft , 13 ft. I «. .'(1 III,. 37 m., 20 m 

fh A. straight *><1 PQ nlides between tun ^^ralg!lt rulei'H OX, OY 
placed at light angles to mie aimtlier. In "iie ix'Mtnin •'( tin* nxl 
OP oO cm, and OQ 3 3 cm If in another poHitmncOP 4 0 cm., 
lind OQ graphically; and t<-st thr- aemraev <>1 \«iur ilrawing by 
calculation. 


10. ABC IS a ^riaivgte right-angled at C. .ami /' n* th* length <*f the^ 
perjien^ieular from C on AB lU e\ple^^ln^ the aieu of the triangle in 
tfc'o w'ays, sh'iw that > 

jtc ah. 


Hence deduco * i ’ u’ * 

p* fi^ h* 

t 

11. Find by the metliod of the jir<seiinig page th<‘ areas of the 
triangles whow Rides are as follows 

(i)fl 17', f> 10'. r tr ' (n)</ 2.Ml . 17 ft. r 12 ft 

(ui) fl -41 om.. 6 2H cm , c l.'ii'ni 3/ \d.c |.{_\i|. 


12. In the (ignre of the preie*linu’ pa^’f-. if the gi\en Miii-s ere n, h and c 
unite in length, prove 


(i) T 


a* ■( r* - />* 

2ii 


V‘) /'* 


(Ui) ^ b ^ c)^. a-ib<c]{a 


j «* . c* fc*I * 
1*2/1 I ’ 

h * r)pi < b e). 


E.Sh.O. 
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OKOMKTRY. 


* Sf;ia't(5N*II. I'ONSTKUCTIONS. 

« 

On AkVas. 

r 

I’rohlkm lo ' 

To ilraw a in iirva to a yiirn ({uailnlateral. 



A B X 


Iji'i ABCD 1 k' IIm' qundnlaVotal. 

To con.'iirnct <i hininilr rquol ni amt to ABCD in arm. 

• 

Construction. Join DB. 

Throuirli C Jniw CX par' Jo^DB. nii'otinf' AB produced in X 
Join DX 

« 

Then D^X is tin; required ttianglc. 

Proof. Now the Z'' XDB, €DB are on tirt- same base DB and 
bet ween the same^par'* DB. ;* , 

the XDB tlie^'.CDB in area. 

To eacli of these equals aiji^the .\DAB ; 

^tlien tho .\DAX --the fig. ABCD. ^ 
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EXERCTSES. « , 

(.V.H. rtit* the rnnstruclio)! m cadi ro.ii^ ^ fall jiraof^s on/y 

required u'hni spcfuilli/ aiLcil far hut m fun/ fflr- iiaM>ii pa (hr 

rcadilrui'tiou .should he bnejhi ixplann^l ) 

1. I)ia^\ a^miuan" on a ;> < tii. ami jnAr a of 

equal a»<>a.on the mi/iu* base, mi'l )ia\im; an an;'l*' <-f -i.V 

Kind (i) hv car'nihitioii. (ii) hv iiicasnirlu-iit ilu'Jt'n/.’iW of an ol)lu|ue 
Hide of i 1 k‘ i»ftrul)t‘l<ii,'rnj»i. 

2 . Draw any iiarallelotrrani ABCD in whiih AB 21 ' and AD 2 '. 
and on tlie base AB draw a ihoinlai' of ((jirafai<*ii 


ABC f* a trueii liian;'le •linu to draw on the haw BC (0 a 
nulit anjiled tiian|[le ; (ii) an iv<iM el< v tnanirle. ea< li < •{Uid m luea lo the 

. f ABO. 

4. 1'liroiii;h A. Ilu' \etli'X of a ABC. draw a^ 1 iaiirl|t line dividiii)' 
the niven tiian!,'!' ml" two ot e<jiMl inai \\ hen will mu ji 

tnanyles he eoiiK'nient V 

f) l*ro\e tliat a lii.uil'h' ami a |i'italleloL'Hini are etpi.il in aten if tiie\ 
liave the same abiUnh-. and it the ’na.se of the liiaiitile is rioiihli- that o^ 


tin- |ia|iillelo^iMni. 

lienee hIjow how to di.iw^ni isovedfs tnain'le e<jiial ni area to n ^iven 
rcetanjjle. 

I— 

(). From the ndjoitunii fnnite (hMse a <on. 
stnictloii foj druttiii;^ a re< Innttle ispial in area 
to the ‘ ABC tine a foimiil pjoof 



B X C 


7. Constrnet a tn.intile ABC ni wlii< li a 7 o < m .A 7<i etn . i -(!■* 
crn. ; atul draw a re» tangle ot e.jiiai ai* a ■ 

H. I)raw an equilateral tiiafiude o|^ ♦ ,side of 2.> . nn<l (onutruii fi 
jiarBlfeI<igrain of cajual area ami ha\ me ene ani!le • qitai to | L'd 

• • E 

• f>. I'Von llie adjoiiiun.' figure 4(“\ise a ion * 
struction for drawing a triangle e<|tjii[ in are,i to 
a given . ABC. and having itsj^.iise B0*of gnm 
length, (D liea m BC. BC prodm ed ) 

•• • B *0 C 



10. CouHtAKt ft triangle (spial in aiea (o .a (^mdrilftti-ral A660, 
having ita vertex at a givr^i point X in DC, an'i ita base in the name ^ 
straight ime or AB. • 

‘[ThniURh C ami D iiro» CE. OF |iari t.,8X and A miK'nlivcly, and 
meeting AB produced'm E aiSl F. Prove that EXF w the triangle 
required] 
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REDUrTKW OF A (iECTILINEAL FlOURE TO ^ TrUN^LE OR 

• * Rkctanole of Eoi'ai. Area. 

• • • • ^ , • 

By the nK'tliiHl I'rohloni lo it is always possible to draw 
a polygon ('<jiial iv arra to a }?ivrij polvfion. and having feVor 
sides by one than the given tigute . and thus, etep by step, 
any polygon luaj* be redfeed to a triangle; of equal area. 

For exain)>le*. in the a»lje)ining eliagrani * 
the t\ve-si<h-d lig EIJCBA is »-ijual in 
area ti» the four-sided lig EDXA. 

, t 

Tin* fig. EDXA may now be redu(‘ed 
to the eipuvalent DXY. 

KXKIU’ISKS 

1. Draw II ((imfinliUeml ABCD li"ni llif ffjlowmg <hita: 

AB BC (Ml. CD DA t eni f lle»_ A 7.r. 

Kerluce ttie iliil<‘i.i! tn .i tniuii;li- nira Meinure (he 

base uiul alliludc of tin* limtirb' . anU item'e cal' ulatc liic a)»)ireximate 
an-a of the oiveii li^iiiro 

2. ^Irau a (nimtnluh'riil ABCD Imviiig given ; 

2\H'. BC 2’’. CD It ;r. DA It'lt". anil Itie (iiugnrinl BD It'O'. 

(\»Mstruct an eipnMilent triangb*. and hence find llie approxinmtc 
area of the i|undnlateiiii 

It. On a base AB. I <m in lenglli. desenbe an eejiiilatiMal j>entagnn 
(5 .sid('.s), luuing eae^i of the angle-' .0 A and B H’S . 

ttialuee tin* liguic to a tiianglc of equal aica atiil liv measuring its 
base and altitude. caleula{e*H«^a|quo\'iniJite inea of the |H*ntagon. 

4. A quadrilntorul tield ABCD^luis llie fo|loa.-^g nieasun'inents 

AB 4r>0 meties. BC ItMi ni . CD IlltO m.. AD ItlKlni., 

and llie diagonal AC ni * • t 

Draw a plan (scale I eni tp .70 metres) lirduce ymr plan to an 
fMjui>alent triangle, and measure its bap* and nlfilude Heme estimate 
the area of the lield. - 

t 

5. W- M'hat steps Mould yon reduce a re<“tilinoal figure of four or 

njore sides to a rectangle of etpial an'a ? ^ 

For example, draa a six-sided figure,(hexagon) having each side 
2 inclios iy length. aVd each angle 120 ; and reduce the hexagon to an 
«H)uivalent tnangb*. 

Hcnee construct a reeton)»*e of rspuy area. ^ 

Deduce the jppro.ximate area of the hexagon, after making an/ 
beewaary measurements., 




C^NSTIMICrnON OF KECTANGLKS OF GIVEN AREA. U9 


On the Construction of a Uectangi-e of (!iven Area and 

.HAVING ONE Side of (Iiven 1,eni!T1i,’ 

• * 
Preliminary Theorem. In AC, n* Inii'oiiaf of*(ln' riTtanuln 
ABCD, tiiko any point K ; and tjiron);li t* u n 

K draw EF, t^G par' to AD aiVl AB, a.s in * * 

till'ad^iinini'fipnri'. ' 

Now ohanrvi' tiiat^lln* dianona! AKfc ^ 
hiHwts t'acli of tlli- n-cts. EH. GF. BD , 
and ]>rov<‘ that tin* rcct. EG tlio « 
ro.ct. HF ill aroa. 

This property, wlik'li is ci^nmonMo ^ 
all parallelojiraitis |m-,‘ Kx i, p |:W|. i-naMes us to construct 
a rectangle equal in area to a given rect^gle and having 
one side of given length. * 



b'oJ (‘.xam)ilr . \j \ EBGK 1»' ihr- ictlani'l'' <Hoe nhnvr) 
whiwe sideK EB, EK ao' A .ati'l ^ unit'' in Icn-.’lli fn cmiHlrud 

a riH-tanjilc nf an-a iiinl liavin;: "la khIc j uinit' iii Icniilh. ^ 

JVkIiui’ be to A. nuiwue EA r iinil> iti !en^;lh. .Inil! AK. 
rrtMluce AK ami BG to mret^l C Tlmmi-li A draw a par'to 
BC ; and Uirou^ii C dniw ai|)ai' lo BA. !<-t tlu-w par'* im-ct 
Hi D. Produi-f EK F and prtMiiue QK fi) iiu'cl 

ADutH • 

Tin*!!, as above, tii** met. HF^tli*’ reel. EG in urcai, and 
one of its sides HK x unite d leijgtii. 


RXERHSES. 

1. .Dmw a Fct-lan^le ABCD lin\m^ A& ' K cm ami AD -1 cm. ; and 

eomtnict a redanjilii "f area. "a*' M'ii' li t in. in lotiKth. 

2. (Jiven a parallclo^'rain A^D. in whs li AB 2 4*. AD I'K", and 
the LA •V)’. Ctinstrm t a |Mrall^lo(.'rain i-ijuiitR^'iilar lo ABCD and of 
equal area, the greater Hide nieaaurmg 2 7". Meanurt the almfler wdc. 

FWlioat the proci-aa pi\ing '<|A an_\ other value, nml compare your 
rwulta. What concluai"| do y»>u draw ? 

3. Draw a rectangle on a aide cm equal in area (o an o^ijilatcrai 
triangle on a ij^de of ♦» <-m. Measure the remaining aide of the rectangle, 
and calculate ita approximate area. 

4. Draw a quatlnlali'ra! ABCD from the following data^ LA-dK)*', 
AB 7 7 cm.. AD 3d < m . BC US cm. DC I <tn. 

(oiwtrurt a triangle wf fs^pial in-a . am^hen' e ilraw a rectangle equal 
in area to the quadrilateral ABCD, and having one 4 cm. in len^^. 
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MISrR|,LANK(HJS CON'.STRUCTIONS. 

*. • ’ 

1. draw aliiuair <>ii it <li<v<'i)niil of 0 <'in. Show that of its skIoh 

n 3 »-m. in Irnjitii, %n^ <ura is IS ri<j nn. 

2. Draw aii«M|Uilai/“r.il hianirli* 'fii .i Lnso of K oiii. ; ainl roiistrucl a 
paralli'loi'tant of tlio Hann- aitiluili- and avM. and haMni; <ifn‘ anuk* 120^. 

Show that yym- tio| di\ nlos tho trniniilo int<f two parts which 

tnivy fx' littcd tom'llHT ovt'r thr paiallidojirani, ^ 

Mow would \fni dra^ a Hijuatc ••qnnl in aioa to the hiuu of two 

Hijuarc'S ? 

If till* •ix-a.-i (.f tho (wo s.|n.ir*'< aio mi. an<l tU s<|. cm., construct, 

a Hipiaic of area <'<|ua! to then sum Mea.siire atul eal^ulato it.s side 

4. K\pr<‘ss the nui^her Ml .i-. the ^uin of two square inindMT.s ; hence 
show lit>w to ilfaw a squate loiitaimn;' Ml square in* hes. Mmut out in 
your tillin' a line if|)iest'Ml*'d hy \ Ml iin lies. 

.*». ll\ the method -4 (tu* last l’]\ei<-He driiw*lmes iJiat may be lepre- 
Suited hv (i) (n) \2't, (m) v':it units * • 

tl. Ilv means of Prohh'in H. p 110. ■^iiow^how to eon.stniet a square 
equal m area to tlie dilTeimee between two .square^ 

Tlie s^few of twosqu.nt'saio 2 .‘i in ami 0 7 in.. < oust met a square equal 
in area to tlie dilTereme of tlu' two stpiaie.s. Vi-rify youi drawing by 
rifi'asurement ami eahul.ition. 

7. From the tiiture m the m.uom shou 
■flow to divide a given stiaiehf line Ao into 

two [laris sueli that the sum ot tlieii st|uiues 
may b»' equal to a itiven squaie 
(Suppose AY stde of civm sif^uare. *ainl 
X is the riNpitred [lomt of tluision Note 
that XY must XB. so that X0Y must 
4.’)'\ Hona' devist* the required ^-on- 
struetion.j * 

Kt>r e.xamplo: Divide a line 4i‘r m huigth into two parts so that the 
sum of their stpiares may Ih' ettual to tlu«'*quarc on a side of 3‘4'. 

8. Sht*w how to divide a straight line AB a* so that AX* -2XB*. 
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0. Sl^ow how W drftw wli«»ic*lvnt’th.s nitty bo rcproscnU'd 

by \i, .. . 

[Take OX, pv It anj:h‘K to 

"lu- anothor. from ihom tiiark 
ojf OA. OP, oach oni unit of loimth. 

JfSnPA, and prove PA ^'2 • 

l'ri»mOX tnatfk olIOBoiiiml t\PA- 
.join P8’and prove PB 
h'roinOX nnirk iitTOC,«‘<}ual to PB. 

Join PC. and provA PC s 4 By 
eontinuihR tbo procoHtt Imew repreaented by#, 
drawn.] 



10 Draw H ■ ABC m whn-h o ,s rni . h n . m . 7 nn : hihI 

divide It Intoyux' trianL'l'*^. "f < tpial .iieu liv »ti,u:.'lu litii " ilt.ian tliioiijih A. 

• . 

11. From a jjivui ABC < iii oil nnc-htilj by ii line drawn 

tliion^'h P, .1 poinl III tfie -idi' AB 

iBim i AB at Z .loitfcCZ, CP TIuouL'li Z dr.iw ZQ imr to PC. 
J<im PQ, and Hhom tiutrf . PBQ | ABC i , 

12. Show how to IriNM A [f pi\en ABC i'\ ini'’* drawn from X, 
a pmnt in the side BC 

[Triseet BC at the point,s P. Q l.y I’toh n dom AX. and through 
P and Q ilraw PH and QR paii to AX •l"iii XH,*XK lln^e liia h 
triHvet the triaii^tle. ,is nia\ he shown In joinini' AP. AQ • 


111. Cut off front a iineii 1ii.iii;.di- .i {onrth liiili. si\fh. or anv |)nft 
requirei.l by a straiitht line di.iwif from n ;;im n point in one of 
sidcK. 

14. Bisect a quadrilateral by ^straigljrtiue drawn through an angular 
point* 

[Rredure the quadhlatetal to a tfiaiii'h' of ei(ii,il urea, ami join tlio 
vertex to the middle point of th**l)am* 

1.7. Cut off from a |:iven qimdrilatewl a tlnid. .i f<mrt!t, a lifth, or 
any JMtrt required, bv a straight line drawn thiough a given angular 
fKiint. * 
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IJIISCELLAl|EOn8 EXAMPLES ON SECTION II. s 

1. \n iv qilmlrili^tcral ^BCD, tlio /.A wr, and the drlgonal BD is 

|icr(ict»(lnMilar one Ujo Hides. Show that the siiimrc on the longest 
Hide of the ({uadnlateraJl^iH rr|ual to the sum of the squares on the'otjier* 
thrw Hiflen * ^ ^ 

2. The sales BC. CA. AB of a tnaiiglo are |ir<«lii(:ed to D, C, F, sn 

that CD BCi AE tCA. BFrAB. IVovc that the area of A DEF is 
»H‘ven times the area of '.ABC. * 

3. 'I’he Hide AB of a pjuallelogram ABCD w produced to E. ' Provo 

. CEDi.'BED .'.AEC. 

4. In a (juadrilateral ABCb it is iriveti that the (iiagrmals are at 
right angleH, and also tliat AB* i BC* AD*)-DC*. Provo that AC 
biseetH BD. 

^ ¥ 

r>. The Hides AB. AC of a Inangle aie at right angles, and squares 
ABDE. ACFGaie denenbe*! outwai<ls on th*‘in ; if DE, FG are jiroducod 
to ims’t in X. pio\e fliat XA m piTpendiculai ty BC and equal to it. 

d. ABCD. ABEF are parallidogranis witli a I'oniii.on wide AB. If 
CE. DF are joined. «liou that CDFE is a paiallelogfuin. and li'ial its 
Hiea IS either the sum oi the dilTereiuV Vf tlie areas of the given 
paralleingraniH. 

7. ABC IS a triiMigle in which BA, CA are prodiieed to D aiulE. making 
AD equal to AB ami AE equal to AC If P is any point in BC, show that 
the Huin of the liiniigh's PAD and PAE w couKtant 

8. An t'quilateral triangle ABD is desenlM'd on the side AB of a 
^mingle ABC. right angled iit 8 (D LAling outside . . ABC); prove that 

the area of ^ OBC i area of .ABC. 

% ^ 

9. ABCD IS a iqiiaro, M iitvl R .ire,(he mid points of BC and CD 
resjieetiveh. Show that , AMR^is tliree-eighths of the wjiiare m area. 

It). A hayataek, of uhieh the rnlDe of the thatel? is 1.') ft. vertically 
above the gnniml, overhangs its base i»v It ft measured horizontally. 
What length of ladder will Is' rn^mred st* that it will ;ust reach to the 
edge of the thatch, if placed at a point on the ground 11 ft. from the base 
of the haystack ? t 

11. ABC is a triangle having AB^ AC. P*i* any point on BC; PX 
and PY art |x'rpendiculars on the .sidej* AB and AC.' By o.tprcssing the 
axef of the triangle vi two ways, show that the sum of PXbnd PY is the 

^ same for all positions yf P. ^ 

12. f’ons\njet asparallelograrn with two adjacent sides 3 in. and 2 it), 
long, the distance Indween the longer^ sides b^ing 1*5 in. Find the , 
distance between the other two iwrallels. 



•miscellaneous examples on section ir# 




i3. ^BCD is a square on a ulile of tn On the sufcn AB, AD, 

CB, CD^rc8i>ectivcly E, H. F. G aie taken |o that 

^ » AE AH CF CG V». / 

Show that ^GH isa ret'tanyli' the area ti \'(iiu'h w^iin^wjuuir nu'hea. 


14. 'If two uneqvial rif^ht-anjiM Jnunjiles aW. ADC ate (irawn mi 
opposite aides of tlieir commoi^ hypotiMiin^c AC. *1111'! CN are 

{lerpendjpularsto BD, cuttinj’ it m M, N, pro\c ili.it 


15. A parallelogram has mdi's 2' iiinl long at an angk* of -l.'i". 
Construct a rhombus of oijuul area. Kind tlie area corH'tt to the 
nearest tenth cif a wpiare meh. 


IG C’onatnu't a triangle ABC^. how fl'Ies are I .'1 em . 3'4 «in,, and 
f)'3 cm., ainl tind ft point P \Mthiti the lii.uigle hiuh Ih.d the triangles 
PBC, PCA, PAB are eqmd in area. 

17. A8CD. AEFG are two parallelograniH Imxmg a i^omniun point 
at A, and having the verl«“\ E on BC. .md ihe \( iit \ D on FG. Trove 
that the parallehigrains are iijual ni area | Trrulnee DC. GF to meet 1 


IS. AD.BE.CE ar* inidiaiH of a ABC. light-aiigled at B, and they^ 
meet at^. Trove that 

(1) AED - J roi l. HB; BC . (ii) AD' EB' . :iED'', 


Ift. ABC IH a triangle in whnli LB I'j , i-C 
Iierfiendicular fr<»in A on BC. Trove tlmt 

2AB* :iAC* 4AD* 


till . and AD w the 


20. Construct a trap*-/niiii uliow Aidi-s aie T', 1. 7, n < in in length, 

having the first and third sides ]>,iaii)ii-l ^ 

Measure the height of the Irape/iinn .md fiinl its area. 

• 

21. Construet a^iarallelottraiy "n .1 b^* of\iith <liHgi>h«ls and 

3 2'. .Make a triangle of the Hiiine aifa on the same basi', having an 
ai^^lc of 4.0“. ^ , 

22. Con-struct a quadrilati-raliftBCD h.ivmg AB 2 tlem., AC • Orm , 

lABC^lOS". lBAD ini>-, ^.CCTA !H,. • , 

23. Construct a triangle eq|al in area to the ipinrlrilaleral ABCD, 
having AB as one side, ar^the o]»poHite vertex on BC pHshircd, 

24. Construct a quat^rdateral ABCD from the following Ata : 

AB = 2', AD-3', L8AD - IKT. the diagonal AC# 3}'. and the a#ea 
of the quadrilateral is G sqUUre inehi*s. Mate the^eoiiHlniction withmil 
proof. ^ • 

V'i. The medians dq^wn froty (he p<ii«ts B. C of the triangle 
are at right angles; show that CA^ 
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CiEOMETRY. 


SKCTION III. 


L()( I. 

• > I 


n 


Dkkinmtion. TI1‘;»1ocus of a point is tho path traced out. 
l>y it when li mov;'^ m aL-cordAiic^^with some given conditibu. 


Kkami’I.k 1., Siipyusv »|h‘ D'lintP to niovo so that 

ilH Uistiuiri' fluin a 0 is constant (^ay 

'I'hi'n thi‘ loous of P iji <*vi(loiiilv tli»‘ rirciira* 
h'roiKi? of a nrrl(' uliosc cj-nttr jh 0 and nuliuB 
I 1 ni. . 4, 



Notice' (i) that e'Ve'iv point who«e distanri' from 0 U 1 cih. 
is on th*' cir#mufi?ivucc ; (ii) tliat I'vcry |)oint on the circum* 
fcrcncc id 1 cm. distant from O. 


H\ vMi’i.i'l*. Siip|><Ko the'|Kiinl P moves '* ] 

Sst a coiislaiit dHlamo (s.iv 1 cm ) fr«vm a '■ i * 

li\»'d sliiiij'ht Ime AB. ‘ (i 

Tlicii the lociH «‘f P is one oi ufher nf .. i 

two stnuv'lit linos paralli'l lo AB. on " ! 

eilticr .'tjdr, .iml at a dist,mi<' of 1 cm. ! 

from If. _’ 


When uc find .i scries of jiojnts which satisfy the given con- 
^Jition. and throngl. winch thi'iVforc the moving point must 
pass, we arc said ti^plot the locus I'f the jiomt. Having plotted 
a sutlicient numlier of sucl^ points^ we ma} ertnni'et them hv a 
^•ontlnu()UH line drawn frei^hand. This lino ropresentii the 
required locus. » * 


Kwmim.k :i A .uid B me two txOtl 
|»omts. P w a point that movo.s so that in 
all positions the ^APB is a ngtit ani'lii 
Plot the locus of P. ' ' 

Throuirti A draw a series of stnu^ht 
lines, 8i\v at intervals of 10'. Krom B 
draw a perpondiculur BP to each of the 
lini'u timmjjh A. WV thus pet a sn'iies 
of points P.«all of whini lie on the u'ljuired 
l(H’us. This locus ^dl W found to bo (ho 
cireunifcrpiieo of a circle tth the dk.* 
D'cler AB. 






KXKIU’ISW. 


Sqnarili (i/icA) jyfijxr vuiii /j- u.'S,l%iih for ninn\f 

ilf Ih'- Jnllouiitq f’.r/rdsi f. i^}>fcuilhi fxr IIium' a mHo- of fn-r- 

[11 tuhciilar\ an to hv dnnni to a ^oii^oittil or r^tu'al 

1. AP'Ihj: )i straight luK't, iiiark«‘<i AB ni tln' P 

liiimr, .-luU- a M-t Hjuaro .so that our Milr i otiliuii- • 
niK Hii|>lo JvCff« afraiiisf liir Mtaipht- 

oilgp JVatili tlir 'oj>|ionilv \irt('\ P. What - 

locus does It trace out, and whv ? t A Q R B 

2, Slide the act *)unre aloim th^ruler that 
tire, hyn'>tt“iHise ifi'opH in M.ntatt wiih the 
straijfht-cdjie A;iain watch flic vrrti \ Q. and 
say whftt h>cufl it traces out, .ind «li_\ 

IW How niaiif pointiJ mulH be At a duiUiux) »»f eiii fn»iii a 

tiNcd point 0 V •hi «lta^ line «<uihl all theM<‘ ptunla he T Diuw Uie 
Ime. • • • 

I 

4. From a t'i\(‘n po^ltl.llPO•a )iomt P niovo al-n^ a stijuflit line at 
a uniform rate <>{ 1 A cin per sccoml. hut in an indh'oni ihrntioii. On 
what Ime must P be found at the end of '5 h i oudi^ ? 

• • 

r». On Wjiiared paper rule a vcrtnal stiaitrht Iiih AB . ami (i) dra\^ 
the h>cuH of a point that moves on flic iic'lit of AB. lo epm;,* at a «liKtHm i 
of tl cm. from it. (ii) Orntt the io( us of a point th.it movr-a uit the left 
of AB. keeping at a <liHtance of .'{ ••n from ii 

What IS the relation "f tlu“'e loci to AB, and to one another ? 

• 

H. On 8quare<l paper rule a*\ciii(;^l*stTau:hi line AB. and plot a 
number of iiointa each fhstant m from it. th' tc heme no reatnetirm 
a.s to the aide of AB«on which lli'> ^ic What line oi lines would paaa 
through all sueb points? 

• • • 

7. Draw on squared jiaiwr (wo hori7.<'iitnl p.iiaU'l" AB. CD of 
indefinite length ami :i m<h|H ap.ar/ Mark an\ point P wlnrse 
|>erpendicul»r distanee fg’ni Ao is l o' If P moves so as always to 
bo equidistant from AB wH CD, w^af Irsus d's» it traee out ^ 

5. AB IS a«{ixe<l straight line f.f indefinite lenctU QP is a straiaht 

line 8 cm. long, and one en4 Q im'^cs along AB ^ Draw the locus of p ^ 
when * 

' (i) QP keepfl perpendicular to AB throughout (hT: movement; 

• * * 

(ii) QP IS mehno<l to AB at a constant angle of tgr. 





GEOMETRY. 


If6 . 

0. LM ix a Htraight bar long, atxi 0 ix a Hxcd pivot in 
from L. If the bar n^atex about 0. what w the locus of L ? What is 

tho l<M'URofj^? f ‘ 

l)rii.\ a tigur^ (I^inch ti^l^oot). $' 

If the bar were b«'«fl |t 0 «'» Ibat the patU LO, OM made a constant* 
angle. Huy of i:tV\ wWt woiihl bo^U‘ loci of L and M, as the betit'bar 
it>volv<sl al)f u? 0 ? • / 

Illustrate by a figure 
• • 

10. A bar OQP w bent so that the parts Olt. QP inako a constant 
Anglo, say of 120 ’. at Q The bent bar revolves aIxmtO. What is the 
liRUiH of P ? Illustrate hyfi. sketch, and ''ive a reason for your aiwwer. 

U. Draw (on wpmred papr*-) a tiiifigle ABC, making BC horizontal, 
aiut a o2.'»’, h < 4 o" Itule at ahoiM einial intervals some 5 

or 0 straight lines pamllel to BC and terminati'd l«\ A8 an<l AC, or th« so 
lines prodneetl. Cay eaeji p.irallel LM. and mark its niuldle point P. 
Draw a line pifssing through all the pomls marked P. 

12. With a fixed point O .is centre an<l with rarluis 2 iti'dies drav a 

ciiele and let AB Is’ a liori/.onfal tliamefer. lUle chorifs p.irallel fo AB, 
A or o on eaeh side; and in eaeli « hold mark I In' r>.iddl • point P. Wliat 
line will pass thiougli .ill the [loint.s maikiai P ? ^ 

13. Draw a reelangle OQPR, making OQ 10 em.. and OR H ein. 
Suppose fill' rectangle to revolve alioiit a pivot at 0. \Vhat is the locus 
of Q, oiyR, of P ? • What IS the length of OP ? 

* 14. On sipiareil paper take a fixed !ioru<itital sfiaighl lino AB of 
indotinite length, and let X Ik* a point on it moving fr<ini A t<»uards B. 
SuppojM' XP is peipi'iidu'itlar to AB iin<l that m all of its positions 
“’^P XA. Plot tlie locus of p 

[Do this hv ilrawiniT perpendieulai*s to AB at ])oinfs (X) distant 
I'O', l-o*. 2'0*. e*e.. from Ai^aiid ni.jke XP 0.V'.*’l(r. etc., in 
length in the eorrespomimg positions. Then draw a line through all 
the positions of P. | 

15. As in the last K.xereise, AB is a fixeil straight line, and X a point 
on it inoxing from A ll’wards B XP is a line of variable length i>er* 
pcndicular to AB. Plot the Ich ys of P when in all jaxsitiona 

(0 XP = 2XA; (fi) XP.-3XA. 

» "A 

1ft. IXaw a straight line AB of iftdelinito length, and mark a fixed 
laijjitO 3 ineUes fro|n it. Ixd Q be nuif point in AB. an^P the middle 
jaunt of OC^ U Q move's along AB. plot thg locus of P. 

I Do this }iy drawing OQ m a senes of p«^sif ions (say 6 or t») on eaeh 
side of the j>or|H‘nftu'idar from O to AB: and m each position of OQ 
mark its middle jK)mt P. Dftvw a linathroiigli«Mhk*h all these middle 
pgints he.] 



LOCI. 


, ly 

' 1 /. 4>raw two imrallel straight lincH AB. CD. r> cm. apart ; and draw 
ft titrai^t lino LM, of lixod Ic'njftli U {.•in., haMnf| na puds L and M on 
AB and CD r^|K‘< >l\n'ls. If LM slnUv ulonn tin* ]iaridi«‘i!*, n?ot Iho li»ouft 
of its middle; Jloint P, * # • ^ • 

Ip. • Mark a fixed point A. and draw wNcral^fMe !« h of radiuH 4 i in., 
each passing: throut.di A. Wlmt liin'would panh liroiij^li^lio i“i‘n(roH of 
the Cjrclea tkat could bo so d>a«n y | • 

10. Take two jixe<l jjjunl'' A and B tlliri) apa#!. and nnitk X the 
inid-pomt botwoeni jlu-lti. 'riioii liini tu>> pmulrt oiiih diMinit lkr> cm 
from both A and B (by elrawin^' inlnwctmi; arcs from A and B a-* centte's 
and with raelnis H'r) cm ) Similarly plot ;>arf^ of poiiita mIiom- ditetanccM 
from A and B arc 4 it < in.. 4‘r) cm . '> n e ni. r* ,*» cm . and »o on. 

Nede tliat Cfu li of ilwac jiomld^H njuiii/'tiint from A and B Draw a 
line tlironf'h thcma.uid kun Imw tliH inn- !•> n-latcd t<i tin- Mtrantld line AB. 

20. An l8o>scclc^ tiianj:lc PBC '•landH .>n a fixed base BC "f Icnirth 
5 cm. If the iiltitmic of tin- ttnuiv’le viiiio. wliat fri the b'cns of P ? 

Draw two strainht Iiih'h AX. AY of mdelinifc letijrth. inakniK a 
fixeel anj.de at A. xay of tjfr. Plot a h ri< s of ii |>onith at diManccs fjom 
both AX and AYj>f I j in . 2 < m . :t ■ m . etc 'rion max be iloiic for the 
prenenL purpo-ti' hv tn.d N'otc that c.u b mk h point of inte-rwatioit »• 
ri{iinli/if(nil from AX and ^Y , Jti.uv a line pa«.sinj.' thionj'h them all, 
and eibaerve its rclfttion to AX and AY 

22. Repeat the Iftst Kven w**. mukinj; the Z. XAY 120^ 

• • 

23. llow many piirulleloorams rmild !«■ drawn on a lived base 2 iin hes 
lonjt, and hrivini; an Hlirtiide of 1 .'i iii'Ih-**’' Draw mv him Ii iiandlelT.. 
Hrams, and in eaeli one mark the ])i>int of mtci'Mciion of ita dia}.'onuIa. 
Draw a line pa«.-nnt; tliroijefi all thine poiiita. 

24. Draw .a of r.idins rm , nn<l take a fiveil point 0 on its 
cireninferenee. Sifj-poxe Q to In- a mo\ui>; point^.n the (iiemnfeienee. 
Plot the !«k:us <if P. the nnd poftit 'ifQ(5, 

We may now \tide?i opr eoiif eplion of a lodis liy reganhiiy 

not merely an tlie path if^a jioiiit inoviiif! iitnier u pveii 
condition, but as an a<///r»v/afe of pomfs coiiiprisintf nil that 
satisfy the givt'ii t onditunijiuid ndtie that do not sulisfy if 

Therefore, in order ti\how th|t fhe locus of pointn nfttisVInjt nomc 
piven condition is a certain hm* for lines), we must m Htnelii#M prove 

(i) that ev^ry point satisfyinc the tdven e<rndili'*n hen on that linf ; 

(li) that every point on fh.it line fyitisfic-H the jd'cn condition. # 

' XoTB. In this extended view of a Iocim. the locul of P in Example 2, 
p. 154. comista of 6ofA*the panBlela to f(B. and not merely one or other 
of them. • • 



OEOMETRY. > 




Theorem 31, 

The locus*.-}/ »/«(((;(/ fii,}}i hen fixed iminls A and B 

is the slmiiilU line t/seclmj AB^ai ritjlil iiniiles. , ‘ 



()n(* (h>hi 4 on tlio loons will olonrlv ho O, tin* inithllo point 
of AB. Ohsi'i'vo that 0 is u lixeil point 

(i) Lot P ho tiny otiior [loinl suc h that PA - PB. 

■loin OP ' 

To I>ivee thill OP i.s periiendindnr'In'AB 

Outline of Proof. Show that the POA, POB nro conernont 
hy TIiToroni l.'I, 

* so that _ POA . POB ; 

honoo PO IS |)orpomlii'uhir to AB. 

^ That is. ovory point p lehieh is eqindtstutd from A and 8 lies 
on the siriiiiihl lini^hiseelimi AB iil inihl iiniile.s. 

(n) l,ot P lio (111// point, in OP tho iiorpondicular bisector 
of AB. > r , 

•loin pa'. PB. * 

To prim' that P ifrqiiidi.sliiiityiom A ami B. 

Show that the' .V POA, POB ar^' oongrnont by Theorem 9; 

, so that PA=,PB<*, 

That is. every point on the iKrpendiciilnr Ihroiif/h 0 is eqiii- 
dilttanl from A ahd B. 

Ihf fierquoiilicnlar Inseclor of AB is the required locus. 



LOCI. 


Tiikore-m # , 

The looi^ nf points eifi^uhstant fn^n^tu'o qu't'iL^rauiM lines 
•AQ,, CD, lutersedunj in 0, is the jHiir hIihIi hisat the 

aindi's between AOB, COD. ^ • 



L«*t P b(“ onif fuMii AB ami CD . tliat ik. 

It'i. tln‘ptT]! PM th^in'i|» PN. 

(i) Tn /niim' llifif P i-i mi the In '•> et'>' nf tin ^ BOD ('»J' . AOD' 
* .loin P to int*-rv< iiiui of AB. CD. 


Thrn ui i1k- ‘PMO. PNO. 


I til' F^O PNO ill' milit fhniles, 
becaiiM- til'- liVjt'it^'nuM' OP i-' < oniuHth. 

I atnl Oh'- M'l*- PM oil'- Mil*' PN ; 

till'inaiiL'^”'ari‘« oii;.»nh-ut , 7'livor 
so that ill.' - POM fli.-,.'^ON 
T]iat is. P li.-s on t!ir tor i4Vu- .. BOD 
(ii) Ii>'t P hi^unif point on tin- bt^'-Mor of tin* _ BOD (or 
,-AOD). ' , . _ .. 

To pr<iir that P is efjuiiif-tont frinn AB, CD 

Show that till- PMO. '*N0 ar*' (on^nn nl by Tliooroin 10; 

y' .so tii^i m ~.pu » 

That IS, 9 is equidistant from AB. CO 

It follows that the reipiireil hteus i.ij the jmi; of Ino >■ nhiek hiseel/ 
t^e angles Ix'tueen AB and CD. 
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r • 


• Vnierskction of Loci, t 

' * I V ,. 

Th« incthi^d ?)f JiOcf iftay 1)(* usoa to find the position of a 
j>oint wliich is to t\s<^('on(litions. For corresponding, 

to each cvn'IitiotMthcrc ivill be a/ecus on whicl^ the required 
point must lie. Heiu-e III points which are coinnion io these 
two lo(‘i, th'it i.s.*ull thelpoints of intersection of the loci, will 
satisfy fM>th the given conditions. 

I‘'a\mi‘LK. T(i fuifl a niuitHnlant fnmi thref given /w/nt? A, B, C. 

lohivli U'V not III Ihf Hitnif utrai^fht liiif.0 

(i) 'Du* lui'u.s ‘if [KitiilH fnini 

A )in<i 6 M (Im' Imr PQ. vvhi<'h 

hiHe4’lK AB at nylit 

(n) Sinniarfv. flie 1 <k'u«? of puiiits cijui- 
ciiMtant fnan B noii C ■'< the ntiAi^iil line 
RS whieh hiMtM'lH BC at rijilil iiniileH. 

Henee the pomt I’omnion to pQ and RS 
•must satisfy hotli ('I 'ldiMons : that m to 
aav, X the point of mteiai-itltiM of PQ nvd, 

RS '^ill he equidistant fi'iun A. B, aixl C. 


KXERCI.SKS. 

(On Theorems !H. |{2.) 

^ I. Take twi> fixed [xunls A an<l B {{ inches apart. Draw the loons of 
>oints ispiidistunt fioin A and B- i'’in<i a point <>n the iooiis 2‘5 inches 
roin A and B. • ^ 

2. If a nuiuher i f Mosoeles trfanclo.s stand «>n the same base BG. what 
line will pas< through tlie \erti<es qf tlieni nil ? ^ 

Take BC 2 and diaw isoseolc.s triiuigle.s whose altitudes are rcapec- 
tively 2 O', 2'o', and ^liO". . * * « 

X A |Miint P moves alonit a-strai^lU line RQ ; find the position in 
which It IS eijuidistant from two given jT )inta A and B. What difficulty 
arises if ^Q is |)er]>cndi<'ular to A3 T 

4. A and B arc two fixed points within a circle: find points on the 
oiI^mmfere^eo eipiidistant from A and B. Huw many such points are 

I there ? « * 

5. Take two st^ight lines OA. 08. making the lO = 72“; and drtfw 
the locus of points equidistant from thAm. Find a point P distant 4 cm, ^ 
f(om bothOA aiylOB. 





IK^IkSEOTIOX UK 1.0CI. 


(3. fwo Ktniinlit hru'f* AOB, COO iniiTKWi HtD, niakni^: llw iLBOD 
-♦>0 . •Draw r*jiinij'tuiU ft*in llirm *Ht>w nmri> 

can founii (iiMtaiuA .*>' fiMiii hoilillhistiati4\<’ur^nH\\cr 
>\ u tlj:ure. *» | • • • ^ 

» u *A imint P iiii'vt's iil.iii;^ a f-tmuht liti*" R{ti lind till' ui 

wiiidi il in (HjiiulNtaiil (ri-m th^ ■-trjiinljt liiiApA. OB )»* 

till-' liifttllilc ? I 

S hriitt a iiulc uf^radms I .’) iiidn'-.^aiid fluii a P 

mows no that il^ di'^tanor ti<>ni thi' < ii< mr (inoaMiusi rudiaih) 

W alwnfs 0 .■) HU h Show In a ti^’iiro that tlir l-u us of P « ouhiHla of ftm 
cjn-h'S. Ilow an* thf\ sjtuatod '' • 

If tho flisiaru'f of p ff.itn tin-«%!. tJtiifri^'iu'o w< r<' I -V. what W'Hild the 
looui tlwii 1 m' ■* ^ 

*0 A and B ar*‘ Iw.. h\.-d [.omis t; . tn ajjail I'md pointf* whioh nrr- 
4 < >n. <lisi,(ut flout A, and '< < in fiom B I xplaifl tha i^in^tniclion li\ 

the inelhod of |m> i. 


♦tk AB AJid CO arc two strai;;ht lin< ini' is( < tint’ at 0, l•'lnd jKoHils 
3 i m distant from AB, and I »in from CD How man_\ H>)\itionH af 
t hern ? • • • 

I 

11. OQ Hn<l OR ale 1 w^ ><lruioht lim-. of fiv-il and i<|nn) Inn^Mlis, 

rcvolvinit about 0 at th* n.imio lato in opposMo w.i\s. if 1 |h\ ntart 
lojfcthpr from u lixrd dins tion OA, what n tin lot us (i) of R, fii) of Q. 
(hi) of P, the middle point of RQ ? • • 

12. Draw a tri.iiiitl'- ABC from thr follow in;.' data u 3 -V, h ■ i (f, 

Draw tin- of points (spiniistHiii fioin B and C ; nlao tin- 
loruH of points e<|iiidisiatit from (Lund A It ihest* loti mterw-ct at S. 
allow that SA SB SC ^ 


13. Draw a tn^nx'le ABC of anv alia|M‘, aiid%v the imthod of iln- 
laat Exeri'iae, Hml a ]>oin 1 cipiuUstant fBoit A. 6, and C 


14. Take two fixjjd pointa A nml^ 2 n’ apail. and plot pomts P. Q. R 
distant rcape<'tivclv I 2 ft', 2 o' from both A and B. From letdrc'* 

Q, R w'lth I'.')'. 2 o', 2 d' oa r#ili 4 drawer ik h-s^ \\ hy will lhe«* < in le» 
pans through A ami B ? What is the I'muh <if the ernirw of all nrclfs 
which pass thrnuKh A and B • ^ * 

15. Given a trianKle%BC of any^hajw* Draw the locuaof jKiiiitK 
oqui'iiatant from AB, A(^ and hi'iiee nnd a point m BC (Mpnddlaiit from 
the other aid^. 


16. Draw a ABC frorrtthefollow'in^f data : 00 S 5em ,6-10-0cm..e 
c=;7*0 cm. Draw the locus of |x»ints equuliatant'^om BA, BC ; alao 
t>e Incua of pointa equidistant from CA. ^B. 

If theee loci cut at I? ahow t^al I ia eqindiKtant from the three aide* 
of the triangle. * 

B.Sh.Q.^ 
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17. Draw a triaiicle of an^ shape, and find a point 1 which'is equi> 

dlfltant fropi the thn'l sidea. ^ 

18. ^ DravJ a trian*jlo ABC of any Hh«a*; and find c^point P equi¬ 
distant from 3 ami G.^ind ulso pquidistunt from AB, AC. 

111. Draw^wo pafullel straiKht^inoH A6. CD 3 inchcH anait, and take 
A poIntO hatween tfh‘m O from Find (if pomble) a i>omt or 
jioiiita iH{uidiMtant from A6 and CD. and at a diatance from-O 
* (0 * inoheH,^ ()i) \ ifH'h, (iii)J>'o inch. 

H«)W many aolutiotiH wiM then' he in ea«‘h canc ? * Uho the aanie figure. 

20. On a given baM' (SinHttuct a triangle of given altitude, having its 
vertex on a given attaiglil line. 

{Thf Kxamitle.'i yiirti hrloir are tn he ti'orkfil thforelitnHy that M, With¬ 
out filottiiitj, unless othrnri.se .slattil It u ill he suffictnit to prove thol every 
point sattefyinij the iohiIiIkhi Ins on the .supfxiseil lorus, om jw theeie 

insUiures Ike Siivei.se folhnvs Hiiihh/ ) 

21. A i'4 a fixed point, unil a vaiiiihle p<iint Q move<) on a tixerl atraight 
lino BC. I'lovc that the lociw of P, the niuhllc point of AQ, w a atrai'ght 
line parallel to BC. 

♦ [Draw AX perpendieulai to BC. and bisect A)^at Note that R is 
a fixed point, .loin RP. Then f«‘e 'I'heoreiq 23 , * 

22. A w a li.xeil [>oint. and Q mi>ves on a (ixi'd straight line BC. 
.)t>in AQ and piodine it to P. making QP AQ. Find the l(au« of P, 
and gixt^ n theon<ttcal pro<if 

'' 23. AB and CD are parallel stiiiiglit hues, and O i'* a fixe<) point. 
Through 0 a wTie.s uf straight lines me drawn t'* cut the parallels at 
X ami Y. Find tlie li>eus ..f P, the middle point of XY. (i) when 0 »s 
•Outside the jmrallels . (u) wlien O is’*lHt wemi them. 

24. From a Hxe«f*pomt O a.s centre and with radius fi cm. draw a 
circle, aiul mark a fixed point ^A 4 cm., from 0 If a \armblo point Q 
movcH roinul the eircnmfenmee nf the circle, jirovc that the locua of P» 
the middle point of AQ. ih a eiiele ^ 

.lom AO, QO. and lusi'cl AO at h Note that FTw a fixtxl point, and 
OQ of fixed length.! ^ 

23 If 111 Kxerowe 24 the poyit 0 were on the circuinforonce, or out¬ 
side It, prove that the Iik-us wcuild alill ^e a circle. 

2fi. fUraw a circle and take a fixeil point Its cimimference. Let 
Q be A p^iint moving round Uie cux^imfercnee. .loin AQ and produce 
it lo P, making QF^ AQ. Fiml the locus of P. and give a theoretical 
^ proof. 

27. A 9*might;|rt>d of given length (say 34') slides between two 
straight rulers place<l at right angles to one another. * 

PUA the locus of its middle ]Miint ; ^nd proft that this locus is the * 
fiKirth part of tli(* circumfqrt'iicC of a circle. 
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■*28. ^BC is a triangle on a lixeti bost^BC. which a pnxluved to* D. 
If the V|rtex P nioven so that the lP w’ always <#ic-half of the exterior 
i.PCD, prove that^ilH Iocuh is^ circle. 


H ISA c 
lo^air 


2ft. ABCD i» a paralleh»#am made o# «k|s coiTnc<|jwl by pivots, 
if AB itxiHi. hml the hH'VM of the iniiidic ]>oiiit CO 


3t). OX. O^arc Htraiirlu liiu% of irulotiuit- li-unih ut angh's to 
one an^lhet, RS. a line of tixi**! Icngth,l»etv\oi-n OX and OY. 
RP and SP are pcrp<*ndu ular to OX and OY. Pi"V| that ^lie locus <if P 
is a circle. • 


31. t^BC IS a given tnanglr. anti tin* point Q iiiovch on BC From Q 

i in any one of its jiositions) QR. QS are diCwn purnllol to CA. BA. 
'’tml the IfK'us of P. the niuidlc pf|nt of Rp, and give n theorctirul proof. 

. 32. ABCP H ii*<pi.'tdiilat«Tal. of wlmh th*- of the sub's AB. 

BC, CP are 8 0 cm . 7 O I III . 10 im . and llu- diagi.iiHl AC 0 5 cm. 
Prove that the Iiu-uh of P is a < Wlnit luc it>*i cnlr^ and nuiiuK 7 

• 33 CAB Is one of a sitics (jf ih..n>< «.|..m inarigli''. on a tiM-sl AB. 

If AC is prodtu'ed to P making CP AC. lind tin* (■niis ..f P for varying 
, jmsitions of C ' 

• ♦ 

34. ^’wo straight Inua OX. OY <nt at right angics. and from Ff 
• a ]><>int ^^lthln the angb' hfO^. iHTpcndienlars PM. PN ni'' dravin to 
OX.OY rcs[)eetive|\ j*|ot the locus of P uju-n 

(i) PM ; PN IS Constant ( »5 <m . suv) . 

(ii) PM - PN IS constant ( 3 < in . saw • 

In each ease give a theori'tical jiroof of the i<>.nh \oti arrive 
experinientally. 

•Vi. Two straight lines OX. O'** cut at light angh-M ; and Q and ^ 
are points in OX and OY icspis tivcls Pl.t the io< ns of th*- midille 
point of QR, when» •. 

, (i> OQ ‘ OR cf.nsKini? tJcm.aav);' 

*{n)QQ 0R cons^int f .‘li'm.snv). . 

Give a theoretical priud of \our*rf‘»*uU 

3tt. The PBC stands on a fixtvl biini' BC What is the locus of 
the vertex P, if in all p<witit>nj»^he are^of th** tn/inglc is <on«taiit ’ 

For example: If tbe^onstant area 22 «( cm , and BC 7,5 cm., 

calculate the altitude ari^ilraw Ih^ I<#iik <if P 
If, in ailditjon, BP--10'0 cm., construct the triangle. 

$ 

37. Draw a triangle ABC. having given n h 2 o', c- 4'H'. 

On the base BC construct an UKiseeles triangle having the Hq^ne urea. 

38. On the hose BC^of^ eoas^uet » ejs-ond triangle equal m 

area to the first and having its vertex P on a given atr^ight line R8. 



:til. In a qua(h-iIatoral aSoP tlii' leri^thH AB, BC are jjivcn, Al*’*’* the 
«B. Find the loom <4 tin* voitex P, if it moves! mo that the areji of the 
quadnliileri^^H ooiiMtant,. . (■ 

40. ABC H*i (tA'on tridnfh*. and Q afiiovini; pomfc'ilf BA. In CA 
lake 11 point R suolT |hHi CR BQ,; iukI jom CQ. (^nnplete .the* 
piiraUehijrniin^CRPf tind tl|r Iocum of P. 

• * i ^ 

41. AB iM a iixed dmmotif of a oiide. From Q. a point.on 
tho oirouinferiinoe, QP is di^wn p,iiallel to AB iin<l of oonstant lonyth 
(nay to the dnimetoi '•nhe ondc) Funl t<be locm of P. and Love a 

proof. 


12. ABC H one of aperies of rmhf nn;'Ied trianulcM dcsonheit on 
either nide of a ^ivot»*hase AB as h\|i<^‘miso. and P w tho mid-|Mimt of 
AC. If AB IS lnsoote«l at ’hat the l.ious yf P, foi dilTerent 

portitions of C. H the oiroh* on AO as «liamefer. 


43. .\.\PgC stftids on a fixed h.ise BC and im of eonatant area: 

find the ioeiis of the mterH«'i'lion of its iu<-dianH. [Si-e p. U2.j 


44. CiiUHtruet a Irmnjtlo. having' I'ueii the bane, the altitude, and 
tlie leniclh of the' median whiefi Inserts the bas^. 

* 45. Take A and B t«o fixed points <( era. apart Plot fwithouj proof) 
the loons of a point P that inove.s mo tliat ARi 2BP 

4d. A and B are fixed pointH on fhe einaimferencc of a oirelo. and 
PQ a diaineter va|i.\inn in position. l*lol the loeus of the intcr«ection of 

PAanduB. 

• 

47. S is a fixed point 2 mehes distant from a liiven straight line MX. 

Find tw«» points whioh are 2| mehes distant from S. and also 2| inches 
4 j^t^t from MX. * 

48. Find a s»>nes^f points equidistant fiom agiven ]>omt Sand a 

given straight line IVfX. Di.ia a curve freehand paaHing thrimgh all the 
points so hniml. * • * 

4*0. S and S' are two fixed pomlw. Find a se^fos of points P such 
that « 

(i) SPA^S'P -A'onstrfht jsay 3 o inches) ; • 

(ii) SP " S'P - eqnstant P5 inch). 

In each ease draw a curve freidiand passit^ through all the points 
so found.^ » ^ 

(W. A straight line OP revolves shout a fixe<l twint O. at a unifonn 
ra^ of 10* jier secoiro. Also OP increases iq length at the unifonn rate 
' of 1 cm. per second. starting OP was 2 cm. in length Plot the locus 
of P during \he first ft scismds. 



ANSWERS TO NFMEIil^AL KXe'\?CISES. 

% . , • 

•Satcv Iht ftft cu'iiiof nUtuiuit fii-rmiii'i, m '/i.i/i/.ifiii' '^uUt *o 

oCi'uiHfd art Ultip »i> U onlv Iht aul^tmt hnr iiiott hit 

%i.'cuja<i<ni, iiJi'i b'lni; hti* n> ''K c* I'l’-i </«. N'»iii*/i o f>» ufiii!> thr t'uiiiiit 

•».av tfit Ihc fi’i itctn/tD of Alt il’iiir,,,// (m-/ '■nil irifA.n unt /fi f<«f. 

0/fAo**’ ffitm in tf.^A)ini-fi-i "l‘l^' KJiici'^ •■liiiiilfifl 1/ ^ ^ 

•• I 

^ iMKCltil 1 ini'* • • 

II. Measurement of Straight Lines, Pages 4, 6. 

8. 1 H', 3 -y. 7. I :> . in . N h 111 . 

8. I .S', I :r, :i I". 9 . 11 ,» 4 s 1111 7 cm, 

>0 |ii .7 o’, I 'J',*! I", (17 '; 'll) ,7i(i'iii 

l».' -J'.'ij ini H (I 

Ij. A8- 3i7' S'2,111 BC ll'Ki'- CSim. 

CD='J'i'l' ,'17 cm DA 1 iki' 10 cm. 

• HF = 2‘0(>'’ ~6 0 «III ^ AC .'i 7 ^ <‘in 

eyi. GH ^ I :! * m 

% 

III? Circles, Page 8. 

11. P is 2'.7' from A .iiui from B Q m 2' (roiii A mill from B. 

12. Two ; one on each aide of AB. IS. Two. • 14, 

IV. Angles. Pages 13,15,16,19. 

I . a, 3 , 3 , }, VJi iV • I* 1 ' Si si j 4 ’ 4 ()' 

8. C()“, 46°, 144”. ■-‘(10", .KSI”. 4 ,'., }, ,:, ,'f,. 1! 

S. .TOO”, WT, iwcydld”. 8. Sir, l.'p<l.?*ll(i 

7. ftmiii., 17 mill., IJ Him. * ft* (io' 9 7. 

10. 42°, 1.7 hoiflw. « * • 

II. _APX=S’2”. -BQX^fiO” _CRX - 1(12”, -06X^135" 1 
• -APY cHS”, ..BQY^I >(4”.'-CRA 7a”,« i.DSY--4.7”; 

^AOBc 2«°, .-AOC=c7(i‘, -ACD-Miir, 1BOO = 7,7'; 

• _BOC = 43”, iCOPsKI#, _POR = 71'. 

' 14. %■>’. 85”, 9,5”, 8.V. A , • ,1 

IS. 00 = 1-8'. iAC0 = 34’, .0CB = .76, _AC8 = e(J', -ADC^Il'I”, 

’ 4.600 = 68*. , • . • 

98, (0 4BCX5 = .77*, -C0A = 143*, 4AOD = .t7'; 

Y (111 _D08= 1.71’, -BCX1 = '29', _COA = 1.5P; 

(hi) 4.600 = 137*,e^IXlAPlS”. i.?X)B = «*. 



OKOMBTST. 


« * 

V. Direction, f^arallels. F«(m 21, 22. 

1. 4S*. . S. 22 V. 9. 44”. 10^ (i) 74'; Tii) 106*. 

VII2 OonjtmAftn of TruJ^les. Page! 30-35. 

12. .1;” .•* lS,'.A = tX = 40”. lB = 1.Y = 73’ = 

18. AB=i<5^.''>3"*AC^FjR.T2.r. / 

IT. AB - XY -- I 3* BC ^« = •’■r,'. 

21. iB.^-'?-40, -.C = fZ^-s(i°. 

VIII. Heiglita and Distances. Pages 39-42. 


1. 

s') mi. 

2. 

ft 3. 2<yt° 4. 17 ft. 5. 21 ml. 

6. 

31 mi. 

7 

.70 ."mu. 0. 7’Hkin. 9. yda. 

10. 

li ft km. 

11. 

|(Hni. 12. .Alsnit ;k)l tin. N. 26" W. • 

13. 

630 yds 


km. 16. No. hy alwut 01 of a mile. 

n. 

134 ft 

18 

31 19. 162 m. 20. 60.7 ft. 21. 1.69 yds^ 

ss. 

Nearly 

17 im 

23 About 32 nil. 24. 1.32(1. 26. 20jt;,. 


ThKOKKTII'.M, (iWiMKTRY. 

• • 

Exercises. Page 46. 

4. .^0^; r2r» ; S,’)’. U nun.; 37 nun. 

11-1": I'V*' .'t ^r■^. 43 tnin. 6. .W"; 8 lira. 40 nyn. 

7. ii) u:.', U.V. m) Tm . u.V. (m) SO", iW". 

8. ■2S4''. 9. (I) liT" (11) 71". 10. 126®. 

4»i. 72”, lOS , 144°. l9. .7.7°. 

**• Exercises. Page 53. *■ 

3. .EQB.-._AQH:=_GHD=t CHF^.T!', 

•'_EGA=-_BQH -.QHC _OHF ..|■.’li°. * • 

4. ;i) 37°; (ii) lt.3“^ 10. (ij l^> »ccb. ; (li) 30 secs. 

Exerciser PMe 56. 

3 . «7°. 4 . 92°. 48°. 3. 67°, 9 . 30°, 60°. 90°.' 

7. (i) ^°. 72°, 72°; (II) 20°, 80*, 80°. 9. *20°. 9. 51°,-11I°, 18° 
11. (i) 34"; (ii) 107°. 12. 68°. 13. 12iY. 14. 36°, 72°, 108°, 14;t° 

, * Exercises. Page 69. 

3. _ (i) 8 ; , (ii) 15. , , \ (i) 48° ; (ii) 36°. ' 


1. 167°. 




-:-i* i * 


answebs. 




?. 10'6 cm. 


«. 
7. 
40. 
’ 1 *. 
10 ? 


Exercisat. P*«86, , 

«4* 72*. 64“. % y. 36'. 36 

(i) 18; (iii) fu' per «ec. , , 

. . 

EznciseB. aPage 95. J 

e^om.* 8. 2'24-. *4. 0 39. j 8 -.>-.-.4. 

. . SiercUes. PageiOT 

7. 147 mi. ;■ 235 km. ^ cm. leprcuenW 22 km. 

Ezerciaea. Pate 111. 

(i).OQe; (nii mic, n^'ht hiibIciI ; (iv)oiii.. 

346yd».,693}'iU. 8 UckuIih <.<n(il. 9^cm. 

380 yds. 11. Oii". I2ii'^ 

(i) one aoluliira : (ii) t»o; (in) nnc, iit'ln iniylcd ; (iv) im|K)«wlite. 
37 ft. 20. 112 ft'.* 23. 5-8 cm., I 2 cm. 24 7 cm.. 8 cm. 


6 3-8S'. 


k Ejeijiiaee. Page 115. 

3-54'. 7 (ij tw; (n) mic 


8. 90°. 


Miscell&neoua Ezamplea. Page fie. * ^ 

. 70', 82°, IKf, 98’. 10. 7H’. KKr. 86. 3«', 1(18'. 


Eierciael. Page 122. • •* 

I. 2-80 si|. in. 2 S'.TtI »i|. 111 . 3. 3 :»i n'l gji 4. S'.Ki w). m. 

6. 198 Ml. m. *6. 42 Ml. ft, 7. J(i.W>M|*.ii .8 IIOmi.H. 

ft J-6 in. 11. OIO »|. ^ >■'''■ ■ •• 

U. 11700»). Di. • ^3 1 cm. • 10 yds. 14 1WI mi. ft. 

ji. infMi.ft. ft. ^ ^1’ /•5“|. ft. 

* 

Exercjaea. Page 128. 

'l. (i) 22 aq. cm.: (iiS,3 6»|. in , 2 3 4 m in 

J, i-sg*. g 111 )9<f«|. ft ; (ii) 8 4 M| in. • 

7m (i) 13'44 aq. cm. : (ii) 1.5-40 ati. cm. ; (iii) 2(g.')0 aq. cm 
i. Maq. cm. 9. *13 cm. • 


4 •I'S*. 


, ^erclgea. Page 133., ^ 

. gaq. to. 2. 170aq. ft. 8. 8-4iiji. in. » * .112iq. cm. 





i9693yds. 


./Exercises. Pa<e HI. 

L-(i)^«l^i (iiffl'Son#! (in) 3<' «■ (i) li#": (n) 1 

4, (i) «nd (Hi). 4.' 411. J. 66 mi. 6. fl llini. •’ T 
«. 48H|. 9. 25lii. 10. 73 m. y. 62ft. 


Bxercises. Fsge 142. 


19, 7 07 om. 


. 13. W !);) cm. 


Exercises. Page 144. 

1. {i)2<lc^S.; ; (li) 40 cm.; 39 cm. 

35 on). : I'i cm, ; 306 Hi), cm. 

?. 66 8 ( 1 . ft. 4. 84 W]. yds. 6. ni. 0. 1^=’ 

^ 7. ^180 St], ft. 8. 306 6(j. in. 9. 5'1 cat. u^rLy. t 

(i) 36 sq. in. ; (ii) IK) *q. ft. ; (iii) 126 aq. cm, ; (iv)^4fc 

Bx«rcises. Page 147. 

, 1. 7* cm. • , 

. Exercises. Page 148. 

1. 23‘9^(l. cm. 9. 8*40 aq. in. 8, 27*62 

*♦4. 129900«(. m. 5. 1(948 «j. in. 

, ‘ • Cxerqses.. fage 149. 

3. 3*1 cm, 1,8*6 aq.^m. 


% 

I* !•«'* 


, Exe^ilses.. Kage 150. 

9 10 om. 9. 8idt^2*4'. 7. • 1-6', S-O* 

. I MiiceUueoiu Ecv>ii>1ob. clPice 1S3. ,. 

If. g-ac. ^U. 4-3sq.in. . 90. 3-6 cm.; KTOaq. 

' c. ' ^ 

D . \ 

Niprir^. i oiat^WirSw it wi^t nvcliiinM m> 







